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'Ihe. Grade 6 Assessments

7

The primary theme' of the COPES curricu m is, that experience
with the'ideag underlying comuton.ph'enomena can lead 'he child
to conceptualize.the fundamental and pervasive schemes of.inqr

ern science. Accordingly, the primary, objective of the Grgd4 6
Assessment. material s to ascertain whether the child'has
.tered the concepts u derlying his exper>iences with the COPES '

Activities. 'It is im ortant that this goal of the Assessments
be kept n mind, in contrast to such alternatives as finding
out how well the child.remembersfspecific.details'of what was'
done, or the degree to whisch he,has acquired'a useful skill.
The emphasis on mastery af concepts is intentional: it is not
that the,alternatiVes are unimportant, but rather that the cdn-

.

cept goals are mare germane toCOPES. However, to a greater
,extentythan in the Assessments for the earlier grades, the,
specific techniques and context of Activities develpieil. atthis
level are 'reflected in the Assessments for Grade 6. Written
questions and multiple-choice answers'are useA s in Grades.4
and 5. Tead'hers Ore aSTed to read all wri material aloud
while children read it silently.

We have not, made an Assu'eof the distinction 'between concepts
and skills; rather, we have tried to apply skills in the en-
hancement of concept learning, and to introduce concepts as the
foci,pf skills. For example, the child learns. the skill of
grouping, or classificatiOn, concomitantly with the concept of,.'
a. group as set of objects-havin4.a common property-, AlSo,
the concept of a property can be abstracted from observations
-of pbjects in groups, while at the same time the skill of mak- '

ihg abstractions begins to be learned. Thus an attempt to make
a clear distipction between "grouping" as a skill,.and 41.a
group", as a,concept--or between "property" as a*doncept and
"'seeing properties" as a simple kind of abstracting skill-- '-
seems more 'likely to confuse the child than to help-him at this --

stage of his cognitive development. The trained scientist
stracts as he recognized propertps in complex ph'enomena, and
classifies those phenomena into larer,groups in 'terms of p'er-

,

ceilved properties, without introspecting about whether, at any
particular moment,, hey or she is practicing. a 61(111 or applying
a concept.

.

Throughout the Activities, 'emphasis is placed on concepts and,
relations rather than on tip specific phenomena, or-,)"facts,"
and soffit is in the Assessmeries. However, what- seems a

I Sampl,e relational dea for an older child'or, an adult. may be,
v...

.
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a quite difficult integrative task, for the younger :child., To
assimilate a new explanatory Idea into the body -of previous
ideas, the child may need a great deal of help'inwhat the psy-
chologist, Jean Piaget,'calls accomodation--the transformation
o previdus experience to facilitate the,assimilation of new
experience. Thdle will also be individual differences in the'
ease with which child( n assimilate new ideas, .andsthese diff-
etences,may appear in fferent contexts--the same child may
readily reach mastery of one concept, but .have to struggle with
another. For these reasons, the,Assessments have b'een prepared
at two levers:, Screening Assessment's., designed for group admin..-
istration to ascertain which 41ildren have attained mastery of
the'cbnceRts; and TndividuaZ Assessments, designed for adminis-
tratio.td.a single child or stall group. The Screening Assess-
ments are in the same order as the respective Minisequences
in the Grade 6 Teacher's Guide, Extra copies of the dissessment
pages to be used as masters for the children'S copies are locat-
ed in the 'last sectiO of this volume. The Individual Asse,ps-

.ments constructeducted to.help the teacher focus instruction on those
areas in which children need additionhl help, are included in
the Scoring Guide section.

One form of the Individual Assessment is a series of yeaaing
questions which take a specific' problem from the Screening
Assessments and break the problem down into a'series of.simple
questions. There is an intenti ?nal similarity in the small-.ste
approach to concept evaluation and the more successful aspects'
of programmed instruction. Some children need greater helpin
building. up their confidence,in their knowledge of the concept
and the small-step, guided inquiry strategy is intended for th
benefit. (It is not.pappropriate for any beginner, but some
might find it tedious.) Using this method, theteadher shoul
improvise and ask the same type of questions as in thexampl
The example questions are meant as a guide. The teacher shou d
feel free to add, subtract, or.adapt the questions in any way
he or she feels will help the child. Another form of Individual
'-i,ssessmtnt is what could be considered a mini-activity: c it-
iical component of'an activity is re-done, 'with greater expli a-
tion, to assure the child is abjeto traverse the lines of i
ference leading td the concept.goal.

iX

4

Because there are do many poss-ible sources of misunderstand n-
et this grade level,- due tb both the increasing complexity f
the material and the cumulation of learning deficits in som
children, we'have not provided individUal assessment intdh ed
to meet'all the needs ef all children with learning diffic
Rather, we have indicated procedure, in sominstances, in the
context of the screening assessments, which should be he,lip ul
in providingrstme structure for the teacher; obviously; t e
emphasis will have to be upon the learning problem presen ed by
each individual child, and the teacher will need to be mo t
'attentive to the representation of the teaching materials provict-

4/ ed in the act'vibies, pin ways that the indiVidual learner can
assimilate.

2
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In these Assessmen ts, it might appear that'the usual distinction's
between achievement and aptitude are blurred: In a sense this
is true, because at this stage of development the Ch,ild's,abilitY
to learn new things is based to a significant de4ree on what he

-or she has previously learned. A few children may be able to
- perform well-on these A sessments because their previous, exPeri,
ence', interacting with t eir genetic..endowment, Permits them to
"figure in out". Howeve , for the majority, the.experience of
the COPES Activities should increase the likelihood that they
will'do well oOthe Assessments provided for each Minisequence.

ADMINISTERING AND SCORING THE ASSESSMENTS

instructions for*.,administeri the Assessments are includedwith
the asessment pages. Of c rse, you will need to make copies of
the pages beforehand to d' tribute °.Eo. the children. The copies
can be made by tearing out the appropriate duplicate assessment
page (mss) from the section at the back of this .booklet. The As-
sessment pages appear twice - -,once in contpt for your reference
and once at the back for use in Aup4cAtion.

The assessment pages axe in alphabetical order for an entire
Minisequence. The leteri', which appear in the upper right hand
corner of each.page,Iallow the children to identify. the page

.they,are to work on at any given time. The, letters also permit
you o maintain the correct order in 'Collating the pages. The
page may be collted in groups, Part 1,,Part 2,.efc.--sometimes
the ildren.appraciate the change of pace afOrded by collects

,ing.one set of papers and passing out the next. The pages may ma
also be distributed as a complete set for the Minisequence.

In the assessments, suggested instructions to be read to the .%

children appear in.caPital lettersliftalls do the LAchblems them- .

selves. After distributing theczAsseSsment pages, read .the
structions and then the problems, one by one, together with ,the
.possible'responses. The chilc4en should read the problems along

.

with you,,silently, andfhen circle tb.e'letter of"the best re-
sponse. ehe'should be encouraged to think out their responses
and not to guess.

,

We have tried to use language at .the level 'Suggsted in the
Activities themselves. In some problems, however,-a_child may ,

ask for the meaning of a particular word. If, in your judgment,
yourianswer.,yoUldrprovide the answer to the problem,'you should
decline, comsidering that he or She does not know the concept
eing assessed: If you can answer the child Simply, 4without .

discloting the answer to the problem itself, you may do so. As
a general rule, you should ask the child torespond stating what
he or she thinks the word means.

law
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The Scoring Guide for the Assessments is also included. The.
-.pre,ferred response .for each task is given, together with a
commentary._, Incorrect alternatives on'the multiple-choice
questions are discusse'h when the reasons for their 'being 'incor- I

rect are.,cloSely,related to necessary limits on the concepts,
e.g., when the incorrect choice reflects common miscchncptions.

QUANTIFyING
1

THE RESPONSES

Discussions of mastery in learning seem inevitably to lead to
the questinon of "percent passing," as a quantification of what

mastery is presumed tobe. The teacher is the major judge
for mastery of, schdbl content; the assessment materials help'
him or her to make that judgement,, Wng these materials, the

group average on the Screepin'g Assessments should be 70% of
the tasks successfully ;ompleted, as a minimum. goax example, if .

", there are ten tasks,. a groUp of 20 children should havelat
least a total of 140 correctly done. We have no information
as yet on, the relative difficulty bf .the tasks, but they have
been devised and arrangecl_in a sequence tnatma ke,s 70% passing
reasonable as a group measure, given 'appropriate instructional
use the,..P.tivity material.

For an indivi.dbal. pupil, the level of mastery should be higher,
say 80% of the tasks reasonably completed', considering
that in sbme'of the tasks the chpd may 'have guesped the'pre-
ferred respOnse. A child doing less well should have the ben-,
:efit of a discussion o. his her responses with the teacher,
and probably the Individual. Assessment -for the Minisequence.
(.He'or she should be provided with an Individual, Assessment and
)a guide- -the teacher, or perhapt a paraprofessional, a parent

. or an older child.) Remember that the purpose of the Assess-

,
4ment is to assure both teacher-and child that mastery of a con-
cept has been ach.ieved.,

4 .
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USING THE RESULTS

It is our intent that the Assessments not be used to differen-
tiate one child from another,, e.g., as 'a basis for "grading".
.Two major uses of the Assessment responses.

s
are intended: First,,

the t rteacher may use quantification Of the es.POnse as evidence
for a decision regaedkng the mastery of conceptsMthe group
as a whole. The teacher, not the-numbers we suggest above, must.
be the major decision-maker in this context. Should you decide
that, the group his not mastered thet.conceptS presented in a
sequence, re-examine your use of theteaching materials'and the
readiness of the group to undertake the'expefiences. Second,
the Assessments should be used as components in 'the essential
feedback you 'provide the child as he or she strives for mastery
of:the concepts.- Review of the child's performance on the
Screening Assessments, and on the Individual Assessment if used,
are very important inthe child's development of his Concept of
himself as a learner.

It is the responsibility of the teacher to assess the children's .

progress, and to distinguish between his or her evaluation of a
child's- readiness for new learning and ahy evaluton of that
child, as an' individual person. CoMparisons of one child with
another in ,terms of personal worth may well be 'traumatic, and
frequently inhibit the child's participatiOn in future learning
situations. However, a realisticappraatal of the child's mas-
tery of significant cognitive aspects of his orthee environment
should facilitate and motivate continuing intellectual devllop-
ment.

For some years it ha4 been advocatede that' teacher's emphasize
th0.r support of children. in the4ir attempts fitklearn. Typically,
support has been most evidenced by verbalizations of positive
tone--"fine", "good", "OK"--although occasional nonverbal posi-
tive reinforcement has been' encouraged. The finakngs from some
'current research, looking at-the distinction between the emo-
tional and icognitive domains of behavior, imply that children
who are trying, with-mixed succ.ess, to acquire a,desired cogni-
tilve behavior, fine a consistently positive tone from the teacher
very confusing. The confusion arises because the teacher's be
havior is inconsistent with the changes.4or 1Ck of them) whtch
the child can observe in his own cognitive behavior.. For example,
if she 'or she continues to read an inconsistent response (wrong
answer),on several tries, but,the teacher's onlyresponse is one
of positivecceptance, the child to wonder whether
the teach is attending to thedi,ff,i,dukty. While most -instances
of the'.well-known ,ittUrnloff" arise roe a combination of lack- of
success frhd negatiVe attitude from the' teacher, many..chilAren
will turn away from,acognitive task--anA even from the teachei-
when, haying failed by their own' evaluation, they decide that 4

the teacher's responsejea irrelevant because it doesn't relate
consistently to their'cognitive problem.

2
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The teacher's evaldation of a ch ild's response shoul d be cori=
sistent with the situation, as the child perceives it,on two
levels: (1) MOtivating,.. by rewarding for effort, as, that en-

.

courag6s another try; (2) realistic, by rewarding, for success
'at the task, but non- rewarding for lack oe it. That.kind'of
gliidance provides much more relevent information,and'thus
engenders a greater effort on the part of the child to focus on
the cognitive aspects of the task.

. PROVIDING *FEEDBACK

" A
We hope you.will fipd the Assessments useful'in helping,'the
child to mobilize and focus h4 or-her thinking skills on the
COPEt`experiences.' In order to determine /their usefulnes, we
ask your assistance.in'providirig feedback to.Us regarding the,'
Asspssments. Information on confusing instructioms and the like
are received with some regret, of course, buttthay are meverthe-.
less, welcome. IforMatiOn on relative difficulty of tasks will
be, extremely valuable. Don't hesitate to \request additional
Assessment mater -ials from.,us, hnd to suggest flew formats that
such Assessments might take. We shall be most interested in
communicating with ,you. '

t
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inisequence I .,

Interactiont of Living Things with the Environment

Screening Assessments
0

4

.The concepts being tested in this Minisequence are:

C,.L
a. Soil is formed by the:interaction Of rocks withJooth living

and nonliving componentsof the environment.
,.

-b. Fib a consequence of their_ composition, topsoil and subsoil
ekhibit,different interattion properties.,Xith water and
growing plants.

c. One way, in which organisms may interact with their environ-
ment is to release carbon diokide.

. -._ A.1 There area number of
whichplanti release w

..,:
c., . . ,

.
. .

e. Living things react to changes in .their environment.
A

.
. I ,

.

actors that af fect the rate at
ter vaeor to their environment.

There.are five. parts to this-assessment? Each part includes;
items dealing with one-of. the above concepts: 4,arts 1 and 2
may be adthinistered afterActivities 2,and 3. Part 4 may be
administere4,*ter Activity 4 and Part 5 after Activity 5.
Each part takes about 10,minutes. After. you distribute the
pages to the childreti, have them put their names in the
,appropriate

_13
4
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PART 1

.Page A

(-4

' Have the children. turn to page' A.

MINISEQUENCEI-a ASSESSMENTS

.

/

.1

HERE ARE SOME QUESTIONS WITH THREE POSSIBLE ANSWERS EACH. ,READ
EACH QUESTION AND ITS_ANSWER SILENTLY WHILE I READ THEM ALOUD
TO Y013- AFTER I HAVE FINISHER YOU WILL HAVE 4 SHORT TIME TO
SELECT YOUR CHOICE AND CIRCLE THE LETTER IN FRONT OF IT.' (If
you think it helpful to the children,,read each question again
as they select their choice.)

1. WHEN JANICE EXAMINED A PINCH OF SOIL WITH A MAGNIFyING'
GLASS SHE FOUND SMALL PARTICLES OF MATERIAL THAT LOOKED LIKE
FINE SAND. WHICH'OF THE FOLLOWING BEST EXPLAINS HOW THE'PAR-
TICLES MAY HAVE BECOME A PART OF THE SOIL? .

A. THEY WERE 'PRODUCED WHEN ROCKS WERE BROKEN UP. ,

THEY CAMEFROM LIVING THINGS IN ItHE SOIL.

C. THEY WERE ALWAYS A'PART OF THE SOIL.

2. IN CERTAIN PLACES ROCKS ARE COVERED WITH GREEN CRUST-LIKE
'PLANTS CALLED'LICHENS. IF YOU REMOVED A PIECE OF THE CRUSTY
LICHENS FROM A ROCK, WHAT WOULD YOU BE MOST SURE TO FIND UNDER-,
NEATH .

A. OTHER SMALL-P1ANTS.
/44

B. SMAI,I, PIECES-OF ROCKS.

C. SOLID ROCK.
f .

3% ROCKS ARE FOUND ALL OVER THE EARTH. TH Y ARE FOUND IN
PLACES WHERE THE RAINFALL IS HEAVY. 'THE RE FOUND IN PLACES
WHERE TEERE IS VERY LITTLE RAINFALL. ICH OF.THE FOLLOWING,
BEST DESCRIBES HOW ROCKS IN PLACES WE RE THERE IS HEAVY -RAIN=
FALL MAY BE DIFFERENT'FROM ROCKS IN PLACES WHERE THE RAINFALL
IS MUCH LESS?

8
o 14
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A. SINCE ROCKS ARE
DIFFERENCE.

WHERE RAINFALL

C. WHERE RAINFALL
MORE.

MINISEQUE14CE
%

ASSESSMENTS

VERY- HARD` THERE WOULD BE LITTLE

IS LESS, CKS WOULD BEDARKER.

IS HEAVY, OCKS WOULD HAVE 'WORN AWAY

4. IN SOME,PLACES THERE,ARE'MANY LARGE ROCKS IN THE salt...
WHICH OF THE FOLLOWING BEST DESCRIBES WHAT IS HAPPENING TO
SUCH ROCKS?

A. THEY ARE SLOWLY BECOMING SMALLER.

B. THEY ARE SLOWLY BECQMING HARDER.

(C. THEY ARE SLOWLY BECOMING LARGER.

Have the children turn to page B.

Ir%

5. TWO. SAMPLES OF SOIL ARE EXAMINED BY SOME CHILDREN. cb744,-...--t
A LIGHT-COLORED SOIL' THAT FEELS ROUGH. THE OTHERIS A DARK-
COLORED SOIL THAT FEELS LESS ROUGH. WHICH OF THE FOLLOWING

BEST EXPLAINS THE DIFFERENCE IN THE SOILS?

A. SOILS ARE MIXTURES OF LIVING AND NONLIVING MATERIALS.
,1

B. SOME -SOILS MAY HAVE MORE MATERIAL FROM LIVING THINGS
IN THEM THAN OTHER SOILS.

C. SOILS ARE FORMED B1 THE'INTERA6TION OF ,R0 CS>WITH
THEIR ENVIRONMENT'it

PART 2

Page C

Distribute pages C and D .and
0

0

have the chi
.

dren turn to e .

.915



MINISEQUENCE I ASSESSMENTS

1. MORRIS AND LOIS EXAMINED TWO SAMPLES OF SOIL. ONE WAS,
LABELED SAMPLE A AND THE OTHER SAMPLE B. SAMPLE A WAS A
DARKER COLOR THAN SAMPLE B AND HAD MORE PIECES OF DEAD LEAVES,
STEMS AND ROOTS IN IT. WHEN.. WATER WAS POURED THROUGH EQUAL
AMOUNTS OF EACH SOIL SAMPLE, SAMPLE A ABSORBED MORE WATER THAN
SAMPLE B. BASED UPON THE ABOVE OBSERVATIONS WHICH OF THE
FOLLOWING WOULD YOU SELECT AS BEING THE BEST STATEMENT REGARD--
ING 'THE DIFFERENCES IN THE TWO SOIL SAMPLES?

.A. BOTH SAMPLE A AND SAMPLE'B WERE FORMED BY THE INTER-1
ACTION OF ROCKS WITH THEIR ENVIRONMENT.

B. SAMPLE...ill' CONTAINS ONLY,LIVING THINGS AND SAMPLE B
CONTAINS ONLY PARTICLES OF ROCK.

C. SAMPLE B I PROBABLY SAMPLE OF SUBSOIL AND SAMPLE A
IS PROBABLJA SAMPLE F TOPSOIL.

2. JANET, AND ELIZABETH WERE 'GIVEN TWO SAMPLES OF SOIL'THAT HAD'
BEEN REMOVED FROM THE SAME FIELD. :AFTER THEY HAD CAREFULLY r.
EXAMINED THETWOSAMPLES, THEY HYPOTHESIZED THAT ONE SAMPLE
WAS SUBSOIL AND.:,THE OTHER.WAS TOPSOIL. IF THEIR HYPOTHESIS WAS
CORRECT, WHAT COULD THEY EXPECT TO HAPPEN IF THE SAME NUMBER
OF BEAN SEEDS:WERE5.PLA&TED IN EACH SAMPLE AND BOTH SAMPLES WERE

---'GIVEN THE SAMEAMOUNT OF WATER ?'i
0 I

k

A. THE BEAN SEEDS WOULD N;W GROW IN SUBSOIL.-

P

B. THE BEANS IN SUBSOIL WOULD GROW BETTER THAN THE BEANS
IN TOPSOIL. .

C. THE BEANS IN TOPSOIL WOULD GROW BETTER 'THAN THE BEANS
IN. SUBSOIL.

3.. REREAD THE FIRST PART. OF ITEM 2( ABOVE. JANET AND
ELIZABETH DECIDED TO TEST THEIR'icHYPOTHESIS BY ANOWER METHOD.
THIS WAS TO..BE DONE BY PUTTING HE SANE AMOUNT OF EACH SAMPLE
OF SOIL IN EACH. OF IWO PAPER CUPS WHICH HAD SMALL HOLES TN
THEIR BOTTOMS. INTO EACH PAPER, CUP THE SAME AMOUNT OF WATER
WAS POURED. THE WATER THAT PASSED THROUGH EACH SAMPLE WAS
COLLECTED AND COMPARED. HAT WOULD YOU EXPECT TO BE THE

.:cRESULTS?

P;. THE .WATER PASSING THROUGH THE SUBSOIL .WAS COLDER1THAN
THE WATER PASSING THROUGH.THE, TOPSOIL.

"B. MORE OF THE WATER PASSED THROUGH 'SUBSOIL THAN TOPSOIL.

C. THE'SAME AMOUNT O WATER PASSED THROUGH EACH: SAMPLE.

lo
I
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MINISEQUENCE I ASSESSMENTS

.

TURN TO PAGE. D.

4. JOE AND FRED HAD THREE SAMPLES OF SOIL. SIMPLE A WAS TOP-
SOIL.* SAMPLE B WAS SUBSOIL. SAMPLE C WAS SAND, THEYGOT
TATO A DISCUSSION REGARDING WHICH OF THEIR SAMPLES, A OR B,
WOULD REACT WITH ANii.mosT LIKE SAMPLE C, THE SAND, WHEN THE
WATER HOLDING PROPERTIES OF THE SAMPLES WERE COMPARED. THEY
PERFORMED,AN EXPERIMENT'AN6FOUND THAT TOPSOIL HELD MORE WATER
THAN EITHER SUBSOIL OR SAND. FROM THESE RESULTS THEY CONCI(pDED
THAT SUBSOIL ,WAS MORE LIKE SAND. WHICH OF THE FOLLOWING BEST

0 ,EXPLAINS THEIR RESULTS?
.

-

A. HAS.TOPSOIL MATERIAL IN IT, THAT IS NOW LIVINGA P2
OR WAS ONCE ALIVP, THANEITHER OF THE OTHER'SOIL
SAMPLES.

B. THE SAND*WASTORMED BY THE. ACTION OF.WIND(' RA] N AND
. 1

HEAT UPON ROCKS.

C. SUBSOIL HAS PARTICLES OF-ROCK 'IN IT WHICH WERE FORMED
BY THE INTERACTION OF ROCKS WITH BOTH LIVIVG AND

. NQNLIVING THINGS IN THEIR ENVIRONMENT.
/-`

5. TWO SAMPLES-11 THE SAME AMOUNT OF DIFFERENT KINDS OF 'SOIL
WERE THOROUGHLY SOAKED WITH WATER. THE TWO SOAKED SAMPLES WERE
WEIGHED. THEY WERE THEN_ RUT INTO A WARM OVEN UNTIL BOTH
'APPEARED TO BE DRY. -THE DRY SOIL SAMPLES WERE WE D. THEIR
DRY WEIGHTS WERE.COMPARED WITH THEIR WET WEIGHT Tb FIND OUT
HOW MUCH THEIR WEIGHTS HAD CHANGED: IT WAS FO DitHAT ONE
SAMPLE LOST MUCH MORE WEIGHT THAN THE OTHER.. .W roi STATEMENT
BEST EXPLAINS WHY -THE SOIL SAMPLES LOST WEIGHT?

4

A. HEAT ENERGY CAUSED TIC PARTICLES OF SOIL IN THE
SAMPLES T9 -GET LARGER. I ,

B. HEAT ENERGY BROKE;, UP THE:PARTICLES OF SOIL AND MADE
THEM SMALLER:

1
P

C. 4HEAT ENERGY CAUSED THE WATER' IN THE SOIL TO EVAPORATE.

.

A

44

1.

. WHICH OF THE SOILS IN QUESTION 5 WAS MORE LIKE A SUBSOIL?

A. TILE ONE THAT LOST THE GREATER WEIGHT.\

B. THE 013E THAT LOST:THE:LESSER WEIGHT.

, C. CAN 7 TELL UNTIL YOU KNOW HOWMUCH THB WEIGHT LOSS.
WAS

, 11

Pr-
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PART 3

Pages E and F.
/ 14

Have the children turn to i)ag\e E;

FRESH FRUIT JUICE HAD BEEN SERVED AT A CLASS PARTY ON_THE-
T DAY OF SCHOOL BEFORE A.ONE-WEEK VACATZON. THE CLEAN-UP

c MMITTEEkOVER-LOOKED A SMALL PITCHER CONTAINING SOME OF THE
JUICE. WHEN THE CLASS RETURNED TO THEIR ROOM AFTER THE
VACATION, SOMEONE DISCOVERED THE LEFT -OVER JUICE. IT,WAS QUITE:
DIFFERENT FROM THE FRESH JUICE THEY HAD HAD AT THE PARTY.
THERE ,WAS FROTH' ON TOP OF THE "JUICE IT SNEWJED DIFFERENT.
THE CHILDREN SUGGESTED SEVERAL HYPOTHESES TO EXPLAIN WHAT HAD
;CAUSED THE FROTH ()N THE JUICE AND ITS CHANGE 1.14 ODOR. WHICH
ONE dOF THE FOLLOWING HYPOTHESES DO YOU CONSIDER BEST?,

A, SMALL,PLANTS,. SUCH AS'YEAST,, MAY HAVE GOTTEN INTO
THE JUICE.

.

B. SOMEONeHAD.SHAKEN THE JUICE TO MAKE IT FROTH.

HEAT HAIOCAUSED SOME 0?. THE WATER FROM THE JUICE TO /
EVAPORATg THUS PRODUCING .TIDE FROTH:

WHICH OF THE FOLL014ING'IS THE BEST EXPLANATION OF FROTH ? :'
ti ,y1",,e-4,

FROTH IS/FORMED BY SMALL PARTICLES OF DUST FROM T
AIR..

B. FROTH IS FORMED BY, fiBUBBLES OF GAS.

C. FROTH IS MADE UP OF COBWEBS. . I
, r /

2. WHICH,ONE OF THE FOLLOWING/WOULD BE MOST CONVININ
DEMONSTRATING THAT SODA WATER CON/AINS CARBON 'DIOXIDE?

.1 ' r

A.J DRINK A BOTTDE OF SODA TO-SHOW THAT IT WILL E. YOU
BglicH. WHEN YOU gtAIALLOW CARBON DIOXIDE IT ES YOU
BELCH.

N

PASS SOME OF THE GAS FROM AA BOTTLE OF SODA THROUGH A
BLUE- GREEN SOLUTION OF AN\EXTRACT FROM RED CABBAGE TO
,SEE.IF^IT TURNS PURPLE.

.

. ,

.'C. SHAKE THE BOLE OF SODA TO SHOW THAT THE GAS WILL A
, .

( .
CAUSE THE SODA, WATER TO SIFT.

. c
..

, ' ir : ).
1.2

k

e



MINISEQUENCE I ASSESSMENTS

1

34 THE AVERAGE CONCENTRATION OF CARBON DIOXIDE IN THE AIR
OVE THE GROUND IS GENERALLY VERY SMALL. HOWEVER, IT HAS, BEEN

FOUND, THAT THE CONCENTRATION OF CARBON DIOXIDE IN THE AkR IN
SOIL5.IS MUCH HIGHER. IN OTHER WORDS, THE/AIR IN SOILS HAS
MANY'TIMES MORE CARBON DIOXIDE IN IT PER UNIT VOLUME THAN THE
AIR ABOVE THE GROUND. WHICH OF THE FOLLOWING MATERIALS IWSOIL
IS MOST LIKELY TO CAUSE THIS CONDITION?.

A. LIVING THINGS WHICH GIVE,OFF CARBON DIOXIDE.

B. PARTICLESQOF ROCK WHICH ARE SHARP.
.).

C. WATER WHICH MAKES THINGS WET.

NOW TURN TO PACE F.

4. WHILE DIGGING IN THE SOIL, JIM AND ART FOUND SOME OBJECTS
THAT LOOKED LIKE WORMS.. HOWEVER, THEY DID NOT APPEAR TO BE
ALIVE. HERE ARE SOME QUESTIONS THAT THE B2YS. AGREED THEY WOULD
HAVE TO ANSWER BEFORE THEE COULD .BE MORE CBR IN WHETHER THE
OBJECTS WERE ALIVE. WHICH ONE WTHE BEST d ESTDON TO ASK?

A. WILL THEY FLOAT IN WATER?

B. WILL THEY EAT LEAVES?

C. DO THEY GIVE OFE CARBON DIOXIDE?
.

PART 4
..

Page G .
.

. . , .s-,;7:N._

For this part distribute pages G and H and have the children
turn to page G. f

1.' DURING PERIODS WHEN THERE WAS LITTLE OR NO RAIN, ALVIN HAD
TO WATER THE 'PLANTS AROUND HIS HOUSE TO KEEP THEM ALIVE. HE
NOTICED THAT PLANTS ON THE WEST SIDE OP HIS HOUSE NEEDED MORE
WATER TO KEEP THEM FROM WILTING THAN DID THE SAME KIND OF
PLANTS ON THE EAST SIDE OF HIS HOUSE. BOTH SIDES OF THE HOUSE
RECEIVED THE SAME AM9UNT. QF SUNLIGHT' DURING THE DAY. AT REG-
ULAR TIMES DURING THE DAY HEHADCHECKED THE AIR TEMPERATURE
(IN THE SHADE)IN 110TH LOCATIONS AND FOUND THAT THE RANGE IN THE-
AIR EMPERMURE THROUGHOUT THE DAY WAS ABOUT pit SAME. SINCE
rair LACES IN AIR TEMPERATURE DID NOT APPEAR TO BE'THE CAUSE,
WHICH r THE FOLLOWING WOULD BE THE NgXT MOST-LIKELY CAUSE?

19
I
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4A. .DIFFERENCES IN)THE KINDS OF'SMALL ANIMALS THAT LIVE' .

ON THE PLANTS4

B.%.DIFFERENCE5 IN THE MOVEMENT 0* AIR AROUND THE PLANTS.

-C; DIFFERENCES IN THE AMOUNT OF',C RBON DIOXIDE IN THE
AIR AROUgD THE PLANTS.'

2. WHEN YOUNG CABBAGE PLANTS ARE TRANSP TED FROM. SMABL POTS
TO,,THE GARDEN, PAPER CAPS OR 1100DS ARE GE ERALLYvPLACED OVER
THE SMALL PLANTS.. THEY ARE LEFT IN PLACE OVER THE PLANTS FOR
SEVERAL DAYS. -THIS IS DONE, TO KEEP THE YO G PLANTS FROM LOS-
ING TOO MUCH WATER VAPOR TO THE AIR SURRO DING THEM,. WHICH °I
OF THE FOLLOWING BEST EXPLAINS HOW THE__PAP R HOODS REDUCE WATER
LOSS(FROM.YOUNG PLANTS?

/
A. REDUCES,THE.MOVEMENT,OF'AIR'AROUND THE PLAN'].

B. KEEPS THE RELATIVE-HUMIDITY OF-THE IR AROUND'THE.'
PLANTS HIGH.

.1 :
C. BOTH OF THESE COULD EXPLAIN HOW THE ERH00b4 WORK.

47-

3. JANICE AND. MURIEL DID 'AN EXPERIMENT TO FIND OUT WHICH
PLANT, A SMALL PINETREE OR A GERANIUM` PLANT BO THE SAME
HEIGHT, LOST MORE WATER TO THE AIR SURROUNDING I . THEY
OBTAINED' POTTED PLANTS OF ABOUT THE SAME SIZE.- T EY WATERED
EACH PLANT WELL.- NEXT,THEY COVERED-TAE POTS AND E'SOIL WITH
PLASTIC. THEN, ThEY SECURELY TIED A PLASTIC BAG 0 R THE STEMS
ANDLEAVES OF EACH PLANT AND PLACED THE TWO PLANTS, EAR
WINDOW. AFTER 12 HOURS THEY EXAMINED THEIR PLANTS D FOUN
THAT A-GREAT DEAL OF WATER HAD CONDENSED ON:THE INSIDE OF T
PLASTIC BAG COVERING'THE GERANIUM PLANT" HOWEVER, H LY ANY
WATER HAD CONDENSED INSIDE THE-BAG COVERING THE LI TL PINETREE.
J*TICE WAS CURIOUS AS TO WHY THE GgklAdIUM PLANT LO RE WATER
THAN THE PINETREE. TH FOLLOWING A SOME IDEAS THAT E,
THOUGHT'ABOUT. WHICH.ONE IS THE BEST,EXPLANATION,OF WH THE
GERANIUM-LOST MORE WATER?

A. THERE WAS MORE WIND AROUND THE GERANIUMPLANT.

-B. GERANIUM LEAVES ARE,LARQER,AND BROADER THAN PINE

C. PINE NEEDLES ARE SHARPER THAN GERANIUM LEAVES:

NOW TURNYTO PAGE-H.

14 '
I

f
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W

4. DARRELLHAS OBSERVED THAT THE POTTED PLANTS IN HIS ROOM
'REQUIRE MO WATER IN THE SUMMER, ON THE DAYS WHEN'THE FAIR
CONDITIONI t EQUIPMENT IS OPERATING THAN,WHBN IT 'IS NOT. HE
HAS AL 111.7. SERVED' THAT HIS PLANTS REQUIRE MORE WATER IN COLD
WEATHER WHEN THE HOT-AIR FURNACE .IS OPERATING., WHICH,OATHE
FOLLOWING BEST EXPLAINS WHYS DARRELL'S PLANTS REQUIRE

WHICH,
WATER

..UNDER THESE cONpXTIONS?
. .

. a

4

5.

WA
EX

A. PLANTS LOSE MORE WATER WHEN THE
LOW THAN WHEN IT IS HIGH.

B. PLANTS LOSE MORE'WATER WHEN THE
THAN WHEN IT IS HIGH.

C. PLANTS LOSE. MORE WATER WHEN THE
WHEN IT 'IS-STILL.

' ?

GREENHOUSE, /PLANTS DO,NOT
THEY WOULD OUT OF DOORSA
WHY THIS Up BE $0?

IN A
ER AS
LAINS

A. THERE IS\LESS MOVEME
:THAN OUT 'OF DOORS.

RELATIVE HUMIDITY. IS

TEMPERATURE IS LOW

AIR IS MOVING T

",

GENERALLYREQUIRE AS MUCH
WHICH OF THE-FOLLOWINn BEST

OF AIR INSIDE THE beEENHOUSE

B.' THE-RELATIVE Ht3MI TY INSIDE THE GREENHOUSE 18
USUALLY HIGHER'a UT OF DOORS."

ROTH OF THESE ARtGOOD,EXPLANATIONS.

PART 5

'
.

Page I .
e

. *.,
Distribute pages I-and J

,

and have the children turn to, page I.

4

1.. PHIL HAD NOTICED THAT AFTER A HEAVY RAIN THERE WOULD HE4
MANY EARTHWORMS ON THE SIDEWALK IN FRONTNOF. HIS FOSSE. ONE .

DAY-IN,HIS SCIENCE CLAS.FHE ASKED THE TEACHER WHY THIS HAPPENED.
THE' TEACHER DID NOT ANSWER HIM DIRECTLY BUT ASKED THE

_IN THE CLASS TO SUGGEST POSSIBLE EXPLANATIONS .OR HYPOTHESES.
MANY HYPOTHESES WERE SUGGESTED. THREE ARE LISTED BELOW.
WHICH ONE SEEMS MOST REASONABLE?

V

4
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A. EARTHWORMS MOVE OUT THE SOIL WHEN IT BE OMES
SOAKED WITH WATER.

. B. SOMETIMES WHEN IT RAINS, IT RAINS BARTHWO S?
h : de,

C. WHEN THE SOIL IS WET BIRDSCAN MORE to4saL REMOVE THE
EARTHWORMS. i I .

-.I l'

2. WHEN BUDDING TWIGS-ARE CUT FROM.LEAF
WINTER TIME, PLACEP IN WATER,,AND'KEPT I

.

ESS.4BUSHES IN THE
DOORS; THE BUDS SOON

DE OP INTO LEAVES- OR FLOWERS. WHICH Q? THE FOLLOWING BEST .

EXPL INS WHY THE BUDS DEVELOP FASTER INDOORS? "
1

A. THE TEMPERATURE IS HIGHER INDOORS THAN OUTBAADRS.
V - /

4 B.,* THERE ,IS MORE WATER INDOORS THAN OUTDOORS.

0 . [

/ C. THERE 'IS MORE LIGHT INDOORS THAN2OUTDOORS.
.

.

.14. .., /. .......1 .
0 - 6

3. WHAT. DO you EXPECT WOULD HAPPtiTO THE VERY SMALL ANIMALS.
IN SOIL NEAR THE SURFACE WHEN IT DRIEa OUTLAND BECOMES HEATED

. .BY THE SUN?
7----. 4

A. THE.fiEAT AND LACK OF moisTuRLVouLIS Kin ALL OF THEM.
/' I Y

B. 'MANY WOULD MOVE DAEP 2 INTO ThE SOIL WHERE IT IS
ECOOLER AND MO'RE MOIST:

, ..
. , . , ,

. ';:'

. C.' THEY WOULD MOVE TO THAURFACE WHERE THEY COULD FIND
",' SUADE AND MOISTURE.

.
A.

5.

0.

4. I ALL .AIR WERE REMOVED FROM A LARGE'SAMPLE'OF SOIL', WHAT
WOULD HAPPEN TO THE THOUSANDS OF SMALL ANIMALS IN IT?

/ r /
0

A. THEY WOULD PRODUCE REIA'OWN AIR FROM THE;CARBON
OXIDETHEY GIVE 0

E. °THING WOULD. HAPPEN TO THEM SINCE'THEY ARE 4C;t.
MALL. I . .

%.%
'4

.

..

C. THEY WOULD DIE BECAUsJE'THEY NEED OXYGEN IN ORDER TO
LIVE.

.

LI!

16
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. 91)

NOW TURN TO PAGE J:

s WHICH OF 'THE FOLLOWING COMBINATIONS OF FACTORS BEST DES
-;;CRIBES A 'SUITABLE SOIL ENVIRONMENT FOR SMALL ANIMALS?

1,

A. LIGHT, WARM, DRY.,

B. DARK, MOIST, HOT.

C. MOIST t
)

DARK, WARM.

a

Or&

4

f

\

r

O

_

2j
0

17
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Name: Page A

1. .WHEN JANICE EXAMINED A PINCH OF SOIL WITH A MAGNIFYING GLASS SHE
FOUND SMALL PARTICLES OF MATERIAL THAT LOOKED LIKE FINE ,SAND. WHICH OFas
TRUE FOLLOWING BEST EXPLAINS HOW THE PARTICLES MAY HAVE BECOME A PART OF
.THE SOIL?

t

SA

A. THEY WERE PRODUCED WHEN ROCKS WERE BROKEN UP.

B. TI Y CAME FROM LIVING THINGS IN THE SOIL.

C. THEY WERE ALWAYS A PART OF THE SOIL.
rz

2, IN CERTAIN PLACES ROCKS ARE COVERED WITH GREEN CRUST-LIKE PLANTS
CALLED LICHENS. IF YOU REMOVED A PIECE OF THE CRUSTY LICHENS FROM A
ROCK; WHAT WOULD YOU BE MOSS SURE TO FIND UNDERNEATH ITe,

A. OTHER SMALL PLANTS.

B. SMALL PIECES,OF ROCKS.

C. SOLID ROCK.

3. ROCKS ARE. FOUND ALL OVER THE EARIi. THEY ARE FOUND IN PLACES WHERE
THE RAINFALL IS HEAVY. THEY ARE FOUND IN_PLACES WHERE THERE IS VERY
LITTLE RAINFALL. WHICH OF THE FOLLOWING BEST DESCRIBES HOW ROCkS'IN
PLACES WHERE'THERE IS HEAVY RAINFALL MAY BE DIFFERENT FROM ROCKS' IN
PLACES WHERE THE RAINFALL IS MUCH LESS?

--A. SINCE ROCKS ARE.VERY HARD THERE WOULD BE LITTLE DIFFERENCE.,

B. WHERE RAINFALL IS LESS,, ROCKS WOULD BE DARKER,

C. WHERE RAINFALL IS HEAVY ROCKS WOULD HAVE WORN AWAY SORE.

4. IN SAME PLACES THERE hRE MANY .LARGE ROCKS IN THE SOIL. WHICH. OF THE.
FOLLOWING BEST DESCRIBES WHAT IS HAPPENING TO SUCH ROCKS?

A. THEY ARE SLOWLY BECOMING SMALL,R.

B. THEY ARE SLOWLY BECOMING HARDER.

C. THEY ARE,SLOWLY BECOMING LARGER.

18.

I

24
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I Page B

5! TWO SAMPLES OF SOIL WZE EXAMINED BY SOMECHILDREN..- ONE IS A LIGHT-
COLORED'SOIL THAT FEELS ROUGH. THE OTHER IS.A DARK-COLORED SOIL THAT
FEELS LESS ROUGH. WHICH OF THE 1'OLLQWING BEST EXPLAINS THE DIFFERENCE
IN THE SOILS?

.
.

A. SOILS 'ARE MIXTURES'OP LIVINGAND NONLIVING MATERIALS.

B. SOME SOILS MAY HAVE MORE MATERIAL FROM LIVING THINGS IN TOM
THAN OTHER SOILS. -

r

'C. SOILS ARE FORMEp.BY'THE INTERACTION OF ROCKS WITH THEIR
, > ENVIRONMENT. . ** / :1

r.

r

ti

1.

20

" 0

I
."-

19

a

a



.

r.

I \ Name: Page'C'

1. MORRIS AND LOIS .EXAMINED-TWO- SAMPLES OF SOIL. ONE WASLABELED_
SAMPLEA AND THE OTHER SAMPLE B. SAMPLE A WAS A DARKER,d0LOR THAN .'
SAMPIB AND HAD MORE PIECES OF DEAD, LEAVES, STEMS AND ROOTS IN IT.
WHEN ATER WAS POURED TIOQUGft EQUAL AMOUNTS OF EACH SOIL SAMPLE,
SAMPLE A ABSORBED MORE WATER THAN SAMPLE B, 'BASED UPON THE ABOVE OBSER-
VATIONS WHICH OF THE FOLLOWING WOULD pU SELECT AS"BEINGTHE,BEST STATE-:
MENT REGARDING THE DIFFERENgES IN. THE TWO' SOIL SAMPLES?

v .

. .,'
..

.

A. , BOTH SAMPLE A AND SAMPLE B WERE FORMED BV THE' INTERACTION OF
t . ROCKS WITH THEIR ENVIRdNMENT.

,z . . . , .
r

13.4SAMpLE A CONTAINS- ONLY LIVING .THINGS AND SAMPLE B CON NS
ONLY PARTICLES OF ROCK._.-

. - ,
,

'4, .

,

SAMPLE BAS$ PROBABLY .<A SAMPLE OF SUBSOILAND*MPE A IS
::PROUABLY A .SAMPLE 9i TOPSOIL..

- , ,

141, ,

2. JANET AND WZABETH WERE GIVER TWO SAMPLES OF SOIL THAT HAP BEEN
REMOVED FROM THE SAME FIELD. AFTER THEY UAD CAREFULLY EXAMINED THE TiV
SAMPLES, TAY HYPOTHESIZED THAT ONE SAMPLE WAS SUBSOIL AND THE OTHER
WAS TOPSOIL.'IF THEIR HYPOTHESIS WAS CORRECT, WHAT COULD, THEY EXPECT
TO HAPPEN IF THE SAME NUMBER OF BEAN SEEDS WERE PLANTED-N EACH SAMPLE
AND BOTH SAMPLES WERE GIVEN THE SAME.AMOUNT OF MATER?

A. THE BEAN SEEDS WOULD NOT GROW VN SUBSOIL.
1

.

B. THE BEANS IN SUBSOIL WOULD, GROW SETTER .THAW THE' BEAN IN
TOPSOIL.

-
,,,..\

0

THE BEAD'S IN. TOPSOIL WOULD GROW BETTER THAN THE BEANS IN
f t

SUBSOIL.
.

0 ,1

3. REREAD THE FIRST PART OF. ITEM ABOI7E. JANET AND ELIZABETH DECID7
ED TO TEST THEIR RYPOTHESIS BY ANOTHER METHOD. THIS WAS TO BE DONE BY
PUTTING TA SAME AMOUNT OF EACH SAMPLE OF SOIL IN EACH OF TWO PAPER
CUPS WHICH HAD SMALL HOLES IN THEIR BOTTOMS. rIRso EACH PAPER CUP TSAME

AMOUNT OF WATER WAS POURED. THE WATER THAT PASSEDTHROUGH
SAMPLE WAS COLLECTED AND COMPARED. WHAT WOULD YOU EXPECT TO BE THE
RESULTS?

20

AT THE WATER PASSING THROUGH THE SUBSOIL 14Ag COLDER THAN THE
WAVER PASSING THROUGH THE TOPSOIL.

B. MORE *OF THE WATER PASSED THROUGH SUBSOIL. THAN TOPSOIL.

C. THE SAME AMOUNT' OF WATER'PASSED THROUGH EACH SAMPLE.

fi

26.

r.
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4. JOE AND'FRED HAD. THREE SAMPLES OF SOIL. SAMPLEA WAS TOPSOIL.
SAMPLE B WAS SUBSOIL. SAMPLE C WAS SAND. THEY GOT INTO A DISCUSSION
REGARDING WHICH OF THEIR SAMPLES, A OR B, WOULD REACT WITH. WATER MOST
LIKE SAMPLE C, THE SAND, WHEN THE WATER HOLDING PROPERTIES"OF THE
SAMPLES WERE COMPARED. THEY PERFORMED AN EXPERIMENT AND FOUND THAT
TOPSOIL HELD MORE WATER THAN EITHER SUBSOIL ORSAND. FROM THESE -

RESULTS THEY CONCLUDED THAT SUBSO L WAS'MORE LIKE SAND, WHICH OF THE
FOLLOWING'BEST EXPLAINS THEIR RESUL ?

A. TOPSOIL HAS
ONCE ALIVE,

B. THE SAND WAS
UPON ROCKS.

EITH: OF THE OTHER SOIL SAMPi
MORE MATERIAL IN T, THAT IS NoW-LtG OR WAS
THAN

FORMED BY THE ACTION OF'WIND, RAIN, HEAT

Sb$SOIL HAS PARTICLES OF ROCK IN IT WHICH WERE FORMED BY
THE INTERACTION OF ROCKS WITH BOTH LIIq NG-..Per-NONLIVING THINGS
IN THEIR ENVIRONMENT.

5. TWO'SAMPLES OF THE SAMB.4011WNT OF'DIFFERENT KINDS OF SOIL WERE
THOROUGHLY SOAKED WITH WATER. _THE TWO SOAKED SAMPLES WERE,WEIGHED.
THEY WERE THEN PUT INTO A WARM ON UNTIL BOTH APPEARED TO BE DRY.
THE DRY SOIL SAMPLES WERE WEIGHED. THEIR DRY\WEnHTS WERE COMPARED
WITH THEIR WET WEIGHTS TO FIND OUT HOW MUCH THEIR WEIGHTS HAD OWED.
IT WAS FOUND THAT ONE SAMPLE LOST MUCH MORE WEIGHT THAN THE OTHER.
WHICH STATEMENT BEST EXPLAINS WHY THE SOIL SAMPLES LOST WEIGHT?

A. HEAT ENERGY CAUSED THE PARTICLES F SOIL IN THE SAMPLES TO
GET.LARGER.

o 4

B. HEAT ENERGY BROKE UP THE PARTICLES OF SOIL AND MADE THEM `
SMALLER.

C. HEAT ENERGY CAUSED THE WATER IN THE SOIL TO EVAPORATE.

f6. WHICH OF THE SOILS IN QUESTION 5 WAS MO LIKE A SUBSOIL?

A. THE ONE TUAT LOST THE GREATtRWEIGHT'..

B. THE ONE THAT LOST THE LESSER WEIGHT.'

C. CA.W:T TELL YOU KNOW HOW MUCH THE WEIGHT LOSS WAS.

1 21
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Name: Page E

1. 'FRESH FRUIT JUICE HAD BEEN SERVED AT A CLASS PARTY ON THE LAST DAY
OF SCHOOL BEFORE A ONE-WEEK VACATION. THE CLEAN -UP COMMITTEE OVER- ,

LOOKED A SMALL PITCHER CONTAINING SOME OF THE JUrCE. WHEN THE CLASS_
RETURNED TO.THEIR ROOM AFTER THE VACATION, SOMEONE DISCOVERED TUE LEFT-
OVER JUICE. IT WAS QUITE DIFFERENT FROM /HE FRESH JUICE THEY*HAD HAD
AT THE PARTY.'"THERB WAS FROTH ON TOP OF THE JUICE. IT SMELLED DIF-
EPENT. THE CHILDREN SUGGESTED SEVERAL HYPOTHESES TO EXPLAIN WHAT HAD
CAUSED THE.FROTH ON THE JUICE AND ITS CHANGE IN ODOR. WHICH ONE OF
THE FOLLOWING HYPOTHESES DO YOU CONSIDER BEST?

A. SMALL PLANTS, SUCH AS YEAST, MAY HAVE GOTTEN INTO THE JUICE.

B. SOMEONE HAD SHAKEN THE JUICE'TO MAKE IT FROTH.

C. HEAT HAD CAUSED SOME OF THE WATER FROM THE JUICE TO EVAPORATE,
THUS PRODUCING THE FROTH.

WHICH OF THE FOLLOWING IS THE BEST EXPLANATION OF FROTH?

A. FROTH IS FORMED BY SMALL PARTICLES OF DUST FROM .THE AIR.

B. FROTH IS FORMED BY BUBBLES OF GAS.

C. (\FROTH IS MADE UP OF COBWEBS.

2. WHICH ONE OF THE FOLLOWING WOULD BE MOST CONVINCING IN DEMON-
STRATING THAT SODA WATER CONTAINS CARBON DIOkIDE?

A. DRINK A BOTTLE OF SODA TO SHOW THAT IT WILL MAKE YOU BELCJ'I.
WHEN YOU SWALLOW CARBON DIOXIDE IT MAKES YOU BELCH

B. PASS SOME. 01' THE GAS 'FROM A BOTTLE OF SODA, THROUGH A
BLUE-GREEN SOLUTION OF AN EXTRACT FROM RED CABBAGE TO 'SEE
IF IT TURNS PURPLE.

C. SHAKE THE BOTTLE OF SODA TO SHOW THAT THE GAS WILL CAUSE
THE SODA WATER TO SQUIRT.

3. THE AVERAGE CONbENTRATION OF CARBON DIOXIDE IN THE AIR ABOVE'THE
GROUND IS GENERALLY VERY SMALL. HOWEVER, IT HAS BEEN FOUND THAT THE
CONCENTRATION OF CARBQN DIOXIDE IN THE AIR IN SOILS IS MUCH HIGHER.,
IN OTHER WORDS THE AIR IN SOILS HAS MANY,TIMES MORE CARBON DIOXIDE
IN IT PER UNIT VOLUME THAN THE AIR ABOVE THE GROUND. WHICH OF THE
FOLLOWING MATERIALS IN SOIL TS MOST LIKELY TO CAUSE THIS CONDITION?

A. LIVING THINGS WHICH GIVE OFF CARBON DIOXIDE.

B. PARTICLES OF-ROCK WHICH ARE SHARP.

C. WATER WHICH MAKES THINGS WET.

22
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4. WHILE IrIGGING 'IN THE SOIL JIM AND ART FOUND SOME OBJECTS THAT
LOOKED LIKE WORMS. HOWEVER, THEY DP NOT APPEAR TO BE ALIVE, HERE
ARE SOME QUESTIONS HAT THE BOYS AGREED THEY WOULD HAVE TO ANSWER BE-
FORE THEY COULD BE CERTAIN WHETHER THE OBJECTS WERE ALIVE. WHICH
ONE IS THE BEST QUESTION TO ASK?

' A. WILL THEY FLOAT IN WATER?

B. WILL`THEY EAT LEAVES?
$ '

C. DO THEY GIVE OFF CARBON DIOXIDE?

)

.1/

4.

r
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Name:

4

. ?age G

yo

1. DURING PERIODS WHEN THERE WAS LITTLE OR NO RAIN,-ALVIN HAD TO
WATER THE_ LANTS AROUND HIS HOUSE TO KEEP THEM ALIVE. HE NOTICED THAT
PLANTS ON THE WEST SIDE OF HIS HOUSE NEEDED MORE WATER TO KEEP THEM
FROM WILTING THAN DID THE SAME KIND OF. PLANTS ON.THE EAST SIDE OF HIS
HOUSE. BOTH SIDES OF THE HO1SE RECEIVED THE SAME AMOUNT OF SUNLIHT
DURING THE DAY. AT REGULAR TIMES DURING THE DAY 5E HAD CHECKED THE
AIR TEMPERATURE (IN THE SHADE) IN 50TH LOCATIONS AND FOUND THAT THE
-RANGE IN THE AIR TEMPERATURE THROUGHOUT THE DAY WAS ABOUT THE SAME.
SINCt DIFFERENCES IN AIR TEMPERATURE DID NOT APPEAR TO BE THE CAUSE.
WHICH OF THE FOLLOWING WOULD BE THE NEXT MOST LIKELY CAUSE?

A. DIFFERENCES IN THE KINDS OF SMALL ANIIIIA.THAT-I.I.VE...,pN THE
PLANTS.

B. DIFFERENCES IN THE MOVEMENT .OF AIR A
.

C. DIFFERENCES IN THE AMOUNT ,OF CARBON
AROUND THE PLANTS.

A

OUND THE PLANTS.

IOXIDE IN'THE AZ R'

2. WHEN YOUNG CABBAGE PLANTS ARE TRANSPLPITED FROM SMALL POTS TO THE
GARDEN, PAPER CAPS OR HOODS ARE GENERALL 'PLACED OVER THE SMALL PLANTS.
THEY ARE LEFT IN PLACE OVER THE pLpOs FOR SEVERAL DAYS. THIS IS DONE
TO KEEP THE YOUNG PLANTS FROM LOSINGTO MUCH WATER VAPOR TO THE AIR ;

SURROUNDING THEM. WHICH OF THE FOLLOWI G BEST EXPLAINS HOW THE PAPER
HOODS REDUCE WATER LOSS FROM YOUNG PL S?

A. REDUCES THE MOVEMENT OF UND THE PLANT.

B. KEEPS THE RELATIVE HUMIDITY OF THE AIR ARQUND TIE PLANTS HIGH.

C. BOTH OF THESE COULD EXPLAIN. HOW THE PAPER HOODS WORK.,

r
,

3. JANICE AND MURIEL DID AN EXP RIMENTTO FIND OUT WHICH PLANT, A
SMALL PINETREE OR A GERANIUM PLANT ABOUT THE SAME HEIGHT, LOST MORE
WATER TO THE AIR SURROUNDING IT. THEY OBTAINED POTTED PLANTS OF ABOUT
THE SAME SIZE. THEY WATERED EACH PLANT WELL. NEXT 'THEY COVERED THE. ,

POTS AND THE ,SOIL WITH PLASTIC. TEEN, THEYSECURELY TIED A PLASTIC
BAG OVER THE STEMS AND LEAVES OF EACH PLANT AND PLACED THE TWO PLANTS
NEAR A WINDOW. AFTER 12 HOURS THEY EXAMINED THEIR PLANTS AND FOUNDS,/
THAT A GREAT DEAL OF WATER HAD CONriENSED ON THE INSIDE OF THE PLASTIC
BAG COVERING THE GERANIUM PLANT. HOWEVER, HARDLY ANY WATER HAD CON-
DENSED INSIDE THE BAG COVERING THE LITTLE PINETREE. JANICE WAS CURIOUS
AS TO WHY THE GERANIUM PIANT LOST MORE WATER THAN THE PINETREE. THE
FOLLOWING ARE SOME IDEAS THAT SHE THOUGHT ABOUT. WHICH ONE IS THE BEST
EXPLANATION OF WHY THE GERANIUM LOST, MORE WATER?

A. THERE WAS MORE WIND AROUND IIHE GERANIUM PLANT.

B. GERANItM LEAVES ARE LARGER-AND BROADER THAN PINE NEEDLES.

C. PINE NEEDLES ARE SHARPER THAN GERANIUM.LEAVES.

24
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I page .11
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4. -DARRELL HAS'OBSERVED THAT THE POTTED PLANTS IN HIS ROOM REQUIRE

W)

MORE WATER, IN THE VMMER, ON TWE DAY WHEN THE AIR-CONDITIONIN9 EQUIP-
MENT IS OPERATING TITAN WHEN IT IS NO . HE HAS ALSO OBSERVED TtAT HIS
PLANTS REQUrRE MORE WATER IN COLD ATHER WHEN THE HOT-AIR FURNACE IS
OPERATING. WHICH OF THE FOLLOWING BEST EXPLAINS, WHY DARRELL'S PLANTS
REQUIRE MORE WATER UNDER THESE CONDITIONS?

A. PLANTS LOSE MORE WATER WHEN THE REtAZIVE jtMIDITY ISILOW
THAN WHEN IT IS HIGH.

3

B. PLANTS LOSE MORE WATER WHEN THE, TEMPERATURE IS LOW THAN WHEN
IT IS HIGH.

C. PLANTS LOSE MORE'WATER WHEN THE AIR IS MOVING THAN WHEN IT'
IS STILL.

N.

5. IN A GREENHOUSE, PLANTS DO.NOT GENERALLY REQUIRE AS MUCH WATER AS
THEY WOULD OUT OF DOORS. WHICH OE THE FOLLOWING.BEST EXPLAINS WHY
HIS MAY BE SO? '

A. THERE IS LESS MOVEMENT OF AIR INSIDE THE GREENHOUSE THAN
OUT OF DOORS.

-B. THE RELATIVE HUMIDITY INSIDE THE GREENHOUSE IS USUALLY HIGHER
THAN,OUT OF DOORS. 0

C. BOTH OF THESE ARE GOOD EXPLANATIONS.

25,
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Name:

1.)

Page I

1. PHIL HAD NOTICED. THAT,6ETER A HEAVY RAIN THERE WOULD BE MANY EARTH-
WORMS ON THE SIDEWALK INFRONT OF HIS HOUSE. ONE DAY IN HIS SCIENCE ....,

CLASS HE ASKED THE TEACHER WHY THIS HAPPENED. ,THE TEACHER DID NOT
A WER HIM DIRECTLY BUT ASKED THE CHILDREN IN THE CLASS TO SUGGEST POS-
SIB XPLANATIONS OR HYPOTHESES. plANY HYPOTHESES WERE SUGGESTED.
THREE ARE LISTED BELOW. WHICH ONE 4SEEMS MOST REASONABLE?

(

A. EARTHWORMS MOVE OUT *OF THE SOIL WHEN IT BECOMES SOAKED-I-WI:1El,-
WATE,R..4 , N t -.4--34'' .

.B. SOMET/ES WHEN IT RAINS, IT RAINS EARTHWORMS.

C.' WHEN THE SOIL 1$ WET BIRDS CAN MORE EASILY jEMOVE THE EARW
WORMS.' ,

A4

2. WHEN iiUDDING TWIGS ARE CUT FROM LEAFLESS BUSHES IN THE WINTER TIME,
PLACED IN WATER, AND KEPT INDOORS, THE BUDS SOON DEVELOP*INTO LEAVES
OR FLOWERS. WHICH OF THE FOLLOWING BEST EXPLAINS WHY THE BUDS DEVELOP
FASTER INDOORS?

A. THE TEMPERATURE IS HIGHER INDOORS THAN OUTDOORS.

B. THERE'aS MORE WATER I,NDOORS TIIAN OUTDOORS.

C. THERE IS MORE'LIGHT INDOORS THAN OUTDOORS.

C

3. WHAT DO YOU EXPECT WOULD HAPPEN TO THE VERY SMALL ANIMALS IN SOIL
NEAR THE SURFACE WHEN IT DRIES OUT AND BECOMES HEATED BY THE SUN?

A. THE HEAT'AND LACK OF MOISTURE WOULD KILL ALL OE THEM.

B. MANY WOULD MOVE DEEPER,INTO THE SOIL WHERE IT IS COOLER
AND MORE MOIST.

Y WOULD MOVE TO THE SURFACE WHERE THEY COULD FIND SHADE
D MOISTURE.

1"11i
.4. 1F' ALL AIR WERE REMOVED FROM A LARGE SAMPLE OF SOIL, WHAT WOULD
HAPPEN TO THE 'THOUSANDS OF SMALL ANIMALS IN IT?

)x. THEY WOULD 'PRODUCE THEIR OWN AIR FROM THE CARBON DIOXIDE

B. NOTHING WOULD HAPPEN TO THEM SINCE THEY ARE SO SMALL.
-

C. THEY WOULD DIE BECAUSE THEY NEED OXYGEN IN ORDER TO LIVE.

THEY GIVE OFF.

(

2 t
.
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S. WHICH OF THE FOLIO TNG.0 INATIONS OF FACTORS"BEST DESCRIBE A
SUITABLE SOIL ENVIRONMENT Fb SMALL ANIMALS?.

A.

B.

C.

LIGHT, WARM,

DARK, MOIST,

MOiT,45ARK,

DRY.

HOT.

WARM:

)

j

I
4.

1
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nisequence II

I-I Energy and Hydrate Bolds ,

Screening, Assessments

The following c oncepts were develop 6d in this MinisequeiTce
tested in these assessments:

a. Heat energy that is absorbed by an apparently dry solid
salt may drive off water molecules that were bonded to
the salt molecules.

b. The bonds between water molecules and.the salt molecules
in a crystalline structure may be broken when heat energS?."
is absorbed. * $

c. The heat energy that'is absorbed (used) to bfeak bonds .

holding water molecules in a hydrated salt are released
when the bonds re-form.

d. The anhydrous form of a solid salt-(the salt minus, its
bonded_water moleCules) possesses more energy than the
.:,hydrated form (the silt with the bonded water). _This
xtra energy isgiven 'off in the form of.heit energy when

the hydrate bonds are formed.
.r

e. The heat energy that is absorbed to break bonds between
molecules will be released when the bonds re-form-.

f. When solid salts iRteract with water to form a solution,
the temperature ma? increase hydrate bonds form during

g.

28

the interaction.
,

When solid salts interact with water to form a solution,
the temperature will decrease if hydrate bofids do not form
(or ars already formed), and heat energy is absoibed im
breaking the bonds holding the molecules within the solid
structure.
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MINISEQUENCE It ASSESSMENTS
,

-

There are foAr parts to this assessment. DAtribute, all
assessment pages tb'the.children or,ryou may wish to_dittribute
each part separately. Have the children put their names dn
tkelappropriatepleyes. The assessments should take about b
30 minutes to admilfister.

PART A

Page.A

Ask the
\
children to turn to page A.

'4

o

HERE ARE SOME QUESTIONS WITH THREE POSSIBLE ANSWERS EACH. READ
EACH QUESTION AND ITS ANSWER SILENTLYWHILE I READ THEM ALOUD.
AFTER I HAVE FINISHED, YOU WILL RAVE A SHORT TIME TO SELECT
YOUR CHOICE AND CIRCLE THE
about 30' seconds 19r each c

'thq children, read each que
choice.)

ETTER IN FRONT OF IT. (Allow
oice. think it helpful to
tion again as theY select their

1. 'A DRY GREEN SALT IS HEATED IN A TEST TUBE; DROPS OF WATER' LI

APPEAR IN THE UPPER PART OF THE TUBE. THE SOLID T1' THE BOTTOM
OF THE TUBE CHANGES COLOR. WATER PROBA#LY CAN COME FROM THE
DRY SALT BECAUSE THE SEAT ENERGY'ABSORBD BY THE GREEN SALT HAS:

A. DRIVEN OFF WATER THAT IS BONDED TO'THE SALT.

B. CAUSED WATER TO BE ABSORBED FROM THE AIR;

C. CAUSED THE TOP OF THE TUBE TO GET HOT.

2. WHEN WATER "IS 'ADDED i01 SALT IN WHICH ITS BONDED WATER HAD
BEEN REMOVED:

A. HEAT ENERGY IS GIVEN OFF.

HEAT ENERGY IS ABSORBED.)

C. NOTHING HAPPEN

.0e-.

3. WHEN HEAT ENERGY IS DDED TO HYDRATED SALTS (WITH. BOLDED
WAITER MOLECULES) IT IS M ST PROB LE THAT:

4

29
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MINISEQUENCE II :ASSESSMENTS

,

A. THE HYD1ATE BONDS'HOLDINtTHE WATER TO THE SALT ARE
. STRONGER THAN THE SALT -TO -SALT BONDS.

.

B.' THE SALT WILL MELT BEFORE,THE HYDRATE BONDS 'HOLDING
THE WATER TO THE SALT BREAK.

F
.C. THE HYDRATE BONDS HOLDING THE WATER TO +THE SALT WILL

a" GENERALLY BREAK BEFORE:THESALT MELTS.

Have the ch&faren turn' t, page B.

QUESTIONS 4-6 HAVE TO DO WITH THE FOLLOWING SITUATION. AGAIN,
DRAW A CIRCLE'AROUND YOUR PREFERRED RESPONSE. TWO TEST TUBES
CONTAINING EQUAt')SIZED SAMPLES OF. THE SAME BLUE SALT ARE HEATED.
ONE OF THE TEST.TUBES IS HEATED ,LONGER THANTHE OTHER AND THE
SOLID TURNS YEliLOW. NO-CHANGE IS OBSERVED IN Tat SALT'THAT'IS°
HEATED FOR A SHORT TIME.

4. WHICH SAMPLE OF SALT 0PROBABLY-,ApSORRED MORE HEAT ENERGY?
A

A. ,THE SALT WHICH REMAINED BLUE,.

B. THE SALT WHICH TURNED YELLOW.

v/.

C. THEY BOTH ABSORB D THE SAME AMOUNT ,OP ENERGY.

CO

5'. THE SAMPLE OF SALT WHICH REMAINED BLUE IS NOW HEATED FOR
A LONGER TIME AND IT ALSO TURNS YELLOW. AFTER BOTH SAMPLES COOL,
SOME WATER IS AIMED TO ONLY ONE. OF"THEM.: AFTER 'THE WATER IS
ADDED TO THE ONE SAMPLE OF YELLOW SALT IT BECAME BLUE4-AND THIL
TEST TUBE BECAME-VERY HOT. WATER IS _NOT akDDED*TO THE OAHER
SAMPLE dF YELLOW SALT AND ITS COLOR DOES NOT CHANGE. WHICH
SAMPLE OF SOLID S4LT NOW HAS MO,It HEAT ENERGY?

'A. 'THE SAMPLE OF SALT WHICH REMAINED YELLOW.

B. THE SAMPLNIF SALT WHICH tECAME BLUE. AGAIN.

C. ',BOTH SAMPLES CONTAI THE SAME HEAT - ENERGY.

'go

6. WHICH QF THESE STATEMENTS-IS TRUE REGARDING q4AT HAPPENED
IN 5 ABOVE?.

30 36
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MINISEQUENCE II ..,ASSESSMENTS.

A

A. SOME HYDRATE BONDS WERE BROKEN WHEN THE SAMPLE OF
YELLOW SALT'BECAME BLUE AGAIN.

B. SOME HYDRATE BONDS WERE RE-FORMED WHEN THE SAMPLE OF
YELLOW SALT 'BECAME BLUE AGAIN.

C.' HYDRATESONDS WERE'FORMEDIN BOTH THE YELLOW AND BLUE

PARS 2

SAMPLES OF SALTS.

Have the-ctildren turn to page C. *Read the following tasks
and each item aloud to the children. Allow abblut three
mines for each task.

TASK I. IN THE FOLLOWING PROCESSES PLACE IN THE SQUARE IF
YOU THINK HEAT ENERGY IS ABSORBED; PLACE IA IF YOU THINK HEAT
ENERGY WILL BE ,,GIVEN OFFS .

I

..

'24A. TO BREAK WATER -.-TO -SALT BONDS.
.

. .

B. MELTING.
9

C. TO BREAK MOLECULE-TO-MOLECULE BONDS.

D. ADDING WATER TO A SALT FROM WHICH BANDED WATER
MOLECULES HAVE BEEN REMOVED.

2>- E. DISSOLVING.

' F. FORMING HYDRATE BONDS.
A t

4 TASK II.- EACH ITEM (A-F) BELOW CONSISTS OF A PAIR OF SUBSTANCES.
...

PLACE A CIRCLE,ARoUND THE SUBSTANCE IN EACH PAIR WHICH.POS SES
MARE ENERGY. BOTH SAMPLES ARE THE SAME SIZE'AND ARE AT TH

SAME TEMPERATURE.

3
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A. BLUE VITRIOL

MINISEQUENCE LI ASSESSMENTS

WHITE VITRIOL

B. A GAS ITS LIQUID'

C. A SOLID ITS LIQUID

D. ANHYDROUS SPIT THE HYDRATED SALT

E. DISSOLVED SALT. THE SOLID SALT

F. STARCH-IODINE COMPLEX

PART 3

/ Have the children turn to page D.

THE NEXT 3 QUESTIONS HAVE TO DO'
DESCRIBE TO YOU. EACH QUESTION
I READ THEM ALOUD TO YOU DRAW A
FRONT OF THE BEST ANSWER. READ

STARCH PLUS IODINE

13,

WITH A SITUATION WHICH I WILL
HAS THREE POSSIBLE ANSWERS. AS
CIRCLE AROUND THE LETTER IN .

THE QUESTIONS-SILENTLY WITH ME.

PF IL PERFORMED A CAREFUL EXPERIMENT WITH SOME CRYSTALS HE
MIGHT BE HYPO (A HYDRATED SALT CALLED SODIUM THIOSULFATE).,

HE WANTED TO FIND OUT IF CRYSTALS OF THE SALT WERE REALLY
HYDRATED, THAT IS CONTALNED BONDED WATER mouculigs, HE ADD D
55() UNITS OF HEAT ENERGY1TO A WEIGHED SAMPLE-0F THE WHITE TALS .

OF HYPO .

1. AFTER ADDING TkE HEAT ENERGY HE OBSERVED THAT THE CRYSTALS
REMAINED WHITE. HIS CONCLUSION aHOULD BE THAT THE ORIGINAL
SALT:

, 32

A. WAS,NOT A HYDRATED SALT3k1NCE A HYDRATED SALT MUST
CHANGE COLOR ON HEATING. .' ,

( 1'-
B. MIGHT BE HYDRATED SINCE. COLOR DOES NOT HAVE TO-CHANGE

WHEN THE ANHYDROUS SALT IS FORMED ON HEATING.

C. WAS EASILY MELTED,

gr
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I

2. PHIL AGAIN WEIGHED THE WHITE SALT REMAINING IN THE TEST
TUBE AFTER HEATING. IT WEIGHED LESS THAN BEFO1RE IT WAS HEATED.
THIS WAS PROBABLY BECAUSE:

.

A.--- ON13EIgG HEATED,.T.THE WHITE CRYSTALS-LOST SOME WATER -,
OF HYDRATION AND THEREFORE WEIGHED LESS.

B. SOME-SALT MELTED AND tHEREFORE THE SAMPLE WEIGHED LESS.

C. SOME SALT EVAPORATED AND LEFT THE SAMPLE OF SALT.

3. PHIL SUSPECTED THAT THE SALT CRYSTALS WITH WHICH HE STARTED ,

HAD BEEN REALLY HYDLATED SALT CRYSTALS. HE DECIDED TO ADD A FEW
DROPS OF WATER TO In WHITE CRYSTALS AFTER THE 50 UNITS OF HEAT
ENERGY HAD BEEN ADDED TO'THEM. HE WANTED T6 FIND OUT IF ANY /'

HEAT ENERGY WOULD BE TAKEN IN OR GIVEN OFF WHEN HE ADDED WATER. 4'
IF SO, HE WANTED TO MEASURIT. AS HE ADDS THE WATER, THE
CRYSTALS STILL APPEAR TO BE DRY. IF WHAT HE SUSPECTED ABOUT
THE ORIGINAL CRYSTALS WERE TRUE WHAT ELSE SHOULD HE OBSERVE
WHEN HE ADDS A FEW DROPS*OF WATER TO THE SAMPLE OF SALT TO'
WHICH HEAT ENERGY HAD BEEN ADDED?

A. THE SAMPLE SHOULD USE UP 50 tigITS OF HEAT ENERGY AND.
BECOME COOLER.

B. THE SAMPLE SHOULD GIVE OFF 100 UNITS OF HEAT ENERGY AS
WATER MOLECULES AGAIN BOND0TO THE SALT.

C: THE SAMPLE SHOULD GIVE OFF 50 UNIT OF HEAT ENERGY AS
THE HYDRATE FONDS TO SALT RE-FORM. 15

PART 4

Ask the children to turn'to page*E.

THE NEXT 4'.QUESTIONS HAVE TO DO WITH*ST1LL ANOTHER SITUATION
IN WHICH A SERIES OF ACTIVITIES WERE CONDUCTED AND OBSERVATIONS
MADE. _BILL TOOK SOME CRYSTALS OF WHITE SALT FROM A CONTAINER'
WHICH WAS LABELWA, AND PUT'THEM IN A TEST TUBE. JAN ALSO
TOOK SOME CRYSTALS OF -A WHITE SALT BUT FROM A CONTAINER LABELED
B AND PUT THEM INTO A TEST TUBE.°'BILLT-AND JAN THEN ADDED A FEW
DROPS OF WATER TO THE WHITE CRYSTALS IN EACH OF THEIR TEST,TUBES.

, HiPE.26E SOME OBSERVATIONS AND QUESTIONS. EACH QUESTION 1$
FOLLOWED BY SEVERAL POSSIBLE ANSWERS TO IT. DRAW A E
AROUND THE LETTER OF THE ANSWER YOU ?REFER.

4

3 d
33
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r. THE' TEMPERATURE OF BILL'S TESTTUBE'INOREASED.' IT BECAME
VERY HOT. WHAT IS POSSIBLY HAPPENING IN THE CRYSTALS OF HIS
4SAMPLE OF SALT?

A. SOLIDTOSOLID BONDS ARE BEING BROKEN.
0 A

B. HYDRATE BQNDS.ARE BEING FORMED.

C. WATER IS BEING-DRIVEN OFF. .

2. JAN'S TEST TUBE BECAME COOLER WHEN SHE ADDED,THE WATER.
SHE ALSO OBSERVED LESS SOLID THAN WHEN,SHE STARTED. WHAT DO .

YOU THINK WAS HAPPENING IN THE CRYSTALS OF HERSAMPLE OF SALT?

A: SOME OF THE WHITE SOLID DISSOLVED IN THE WATER.
4 .

B. SOME OF THE WHITE SOLID EVAPORATED.

C. SOME OF THE WATER EVAPORATED.

3. WHY DID JAN'S SAMPLE OF Skil' BECOME COOLER?.

a

A. BONDS WITHIN THE CRYSTALS WERE EEI KEN.

B. BONDS WERE BEING FORMED WITHItOrH1-;6 gT'ALS:

. - I

' ",e. ',I-.
. 44, $,:,....1 '::' '

C. BOTH OF THE ABOVE WERE HAI:TENT x s
6 % % %..- ,t 4

. ...0- ': , " v

4. WERE -TEE TW
SAME?,

-A. YES.

34

STAICES:'INVESTIGATWBF JAN AND BILL THE-- `

B, NO.

C. %PERE IS NO WAY: TO TELL.

'741
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e4

--9.-4111/f

L. A DRY GREEN SALT-IS HEATED IN A TEST TUBE. DROPS OF WATER APPEAR
IN THE UPPER PART OF THE TUBE. THE SOLID IN THE'BOTTOM OF THE TUBE
CHANGES COLOR. WATER PROBABLY CAN COME FROM THE DRY SALT BECAUSE'THE
HEAT ENERGY ABSORBED BY THE GREEN ALT HAS:

A. DRIVEN OFF WATER THAT IS BONDED TO'THE SALT.

B. CAUSED WATER TO BE ABSORBED FROM THE AIR.

Page

C. CAUSED THE TOP OF THE TUBE TO GET HOT.

2. WHENWATER IS ADDED TO A SALT IN WHICH ITS BONDED WATER HAD BEEN
n.REMOVED::

A. HEAT ENERGY IS GIVEN OFF.

B. HEAT ENERGY IS ABSORBED.

C. NOTHING HAPPENS.

/ *

3. WHEN HEAT ENERGY IS ADDED TO HYDRATED SALTS (WITH BONDED WATER
MOLECULES,) IT IS MOST PROBABLE THAT:

.,.. ,

A. THE HYDRATE BANDS HOLDING THE WATER TO THE SALT ARE
STRONGER THAN'. SALT-TO-SALT BONDS.

-...

B. THE SALT' WILL MELT BEFORE THE HYDRATE BONDS HOLDING THE
WATER TO THE SALT BREAK.

C. THE HYDRATE BONDS HOLDING THE. WATER TO THE SALT WILL
GENERALLY BREAK BEFORE XHE SALT MEiTS.

I

44
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Page B

TWO TEST TUBES CONTAINING EQUAL SIZED
ARE HEATED. ONE OF THE TpST TUBES IS
THE SOLID TURNS YELLOW. lq0 CHANGE TS
jiEATED FOR A SHORTER TIME.

SAMPLE" OF THE SAME BLUE SALT
HEATED-LONGER THAN .THE OTHER AND
OBSERVED IN THE SALT THAT IS

. WHICB SAMPLE OF SALT PROBABLY ABSORBED MORE HEAT ENERGY?

A.' THE SALT WHICH REMAINED BLUE.

B. THE SALT WHICH TURNED ,YELLOW.

C. THEY BOTH ABSORBED THE SAME AMOUNT OF ENERGY.

.44,5. THE SAMPLE OF SALT WHICH REMAINED BLUE IS NOW HEATED FOR A LONGER
TIME AND IT ALSO TURNS YELLOW. AFTER BOTH SAMPLES COOL, SOME WATER IS
ADDED TO ONLY ONE OF THEM. AFTER THE WATER IS ADDED TO THE ONE SAMPLE
OF YELLOW SALT IT BECAME BLUE AND THE TEST TUBA BEFAME VERY HOT. WATER
IS NOT ADDED TO THE OTHER SAMPLE OF YELLOW SALT AND ITS COLOR DOES NOT
CHANGE. WHICH SAMPLE OF SOLID SALT NOW HAS MORE FEAT ENERGY?

A. THE SAMPLE OF SALT WHICH REMAINED YELLOW.

B. THE SAMPLE OF SALT WHICH BECAME BLUE AGAIN.

C. BOTH SAMPLES. CONTAIN THE SAME HEAT ENERGY.'

6. WHICH 0? THESE STATEMENTS IS TRUE REGARDING WHAT HAPPENED IN 5
ABOVE?

A. SOME HYDRATE BONDS WERE BROKEN WHEN THE SAMPLE OF YELLOW
SALT BECAME BLUE AGAIN.

B. SOME HYDRATE BONDS WERE RE-FORMED WHEN THE SAMPLE OF YELLOW
SALT BECAME BLUE AGAIN.

C. HYDRATE BONDS'WERE FORMED IN BOTH THE YELLOW,4ND BLUE SAMPLES
OF SALTS.

'36
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II Name: Page C

1TASK I: IN THE FOLLOWI G PROCESSES PLACE A + IN THE SQUARE IF YOU
THINK HEAT ENERGY IS ABSORBED; PLACE A -7_,IF YOU THINK HEAT ENERGY
WILL BE GIVEN OFF.

4
A. TO,BREAK WATER-TOLSALT-BONDS

/.rMELTING-U
C. TO BREAKtMOLECULE-TO=MOLECULE BONDS

D. ADDING WATER TO A SALT FROM WHICH BONDED WATER MOLECULES
HAVE BEEN REMOVED, [1]

E. ,DISSOLVING

F. FORMING HYDRATE BONDSO

TASK II. EACH ITEM (A-F) BELOW CONSISTS OF A PAIR OF SUBSTANCES.
PLACE A CIRCLE AROUND THE SUBSTANCE IN EA PAIR WHICH POSSESSES MORE
ENERGY. BOTH SAMPLES ARE THE SAME SIZE AN ARE AT THE SAME TEMPERATURE,

A. BLUE VITRIOL WHITE VITRIOL

4 B. A GAS ITS LIQUID

C. A SOLID ITS LIQUID

D., ANHYDROUS SALT THE HYDRATED.SALT

E. DISSOLVED SALT THE SOLID SALT

F. STARCH-IODINE COMPLEX

0

STARCH PLUSIODINE

. 43
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II Page D

ti

PHIL PERFORMED A CAREFUL EXPERIMEN WITH SOME CRYSTALS HE THOUGHT
MIGHT BE HYPO (A HYDRATED SALT C LED SODIUM THIOSULFATE). HE WANTED

TO FIND OUT IF CRYSTALS OF THE T WEIE REALLY HYDRATED,..THAT IS.
CONTAINED BONDED WATER MOWCULES. HE'ADDED 50 UNIISOF HEAT ENERGY TO

A WEIGHED SAMPLE OF THE WHITE CRYSTALS-OF HYPO.

1'. AFTER ADDING THE HEAT ENERGY.HE OBSERVED THAT THE. CRYSTALS REMAINED

WHITE. HIS CONCLUSION SHOULD BE ~THAT THE ORIGINAL SALT:

A. WAS,NOT A HYDRATED SALT SINCE A HYDRATED SALT MUST CHANGE

COLOR- ON HEATING.

B. MIGHT BE HYDRATED SINCE COLOR DOES NOT HAVE TO CHANGE WHEN
THE ANHYDROUS SALT IS FORMED ON HEATING.

C, WAS EASILX MELTED.

2. PHIL AGAIN WEIGHED THEWHITEI-SALT REMAINING'IN THE TEST TUBE

AFTER HEATING. IT WEIGHED LESS THAN BEFORE IT WAS HEATED. THIS WAS

PROBABLY BECAUSE:

A. ON BEING HEATED, THE WHITE-CRYSTALS LOST-SOME WATER
OF HYDRATION AND THEREFORE WEIGHED LESS.

e

B. SOME SALT MELTED AND THEREFORE THEISAMPLE WEIGHED LESS.

C. ' SOME SALT, EVAPORATED ANDLEPTTHE SAMPLE, OF SALT.

3. PHIL SUSPECTED THAT THE SALT CRYSTALS WITH WHICH HE STARTED HA
BEEN,REALLY HYDRATEDSALT CRYSTALS. HE DECIDED TO ADD A FEW DROPS '

OF WATER TO THE WHITE CRYSTALS,AFTER THE 50 UNITS OF,HEAT ENERGY HAD
BEEN ADDED TO THEM. HE WANTED TO FIND OUT IF ANY HEAT ENERGY WOULD .

BE TAKEN IN OR GIVEN OFF WHEN HE-ADDED WATER. IF SO, HE WANTED TO

MEASURE IT. AS HE ADDS THE WATER, THE CRYSTALS $TILL APPEAR TO BE

DRY-. IF WHAT HE SUSPECTED ABOUT THE ORIGINAL1CRYSTALS WERE TRUE WHAT
ELSE SHOULD HE OBSERVE WHEN HE ADDS A FEW DROPS OF WATER TO THE SAMPLE_

OF SALT TO WHICH HEAT ENERGY HAD BEEN ADDED?

A. THE SAMPLE SHOULD USE UP'50 UNITS OF HEAT ENERGY AND
BECOME COOLER.

B. THE SAMPLE SHOULD GIVE 'OFF 100 UNITS OF HEAT ENERGY AS

4 WATER-MOLECULES AGAIN BOND TO THE SALT... ,

C. -THE SAMPLE SHOULD GIVE OFF 50 UNITS OF HEAT ENERGY AS THE
HYDRATE BONDS TO SALe'RE-FORM.

A

f?
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Name:

BILL TOOK SOME CRYSTALS OF WHITE SALT FROM A'CONTAINER WHICH WAS
LABELED A, AND PUT THEM IN A TEST TUBE. JAN ALSO TOOK SOME CRY,STALS
OF A WHITE SALT BUT FROM A CONTAINER LABELED B ANp PUT THEM I/4TO A '

. TEST TUBE. BILL AND JAN THEN ADDED A FEW DROPS OF WATER TO THE WHITE
CRYSTALS IN EACH OF THEIR TEST TUBES. .

s.
1

1. THE TEMPERATURE OF BILL'S TEST TUBE INCREASED. IT BECAME VERY

HOT. WHAT IS POSSIBLY HAPPENING IN THE CRYSTALS OF'HIS SAMPLE OF

SALT?

A. SOLID-TO-SOLID BONDS ARE BEING'BROKEN.

B. HYDRATE BONDS ARE BEING FORMED.
di

C. WATER IS.BEING DRIVEN OFF,

2. JAN'S TEST TUBE BECAME COOLER WHEN.SHE ADDED THE WATER. SHE

ALSO OBSERVED LESS SOLID THAN WHEN SHE STARTED. WHAT DO YOU 'MINI.<

WAS HAPPENING IN THE CRYSTALS OF HER SAMPLE OF SALT?

A. SOME OF THE WHITE SOLID 6ISSOLVED IN TEE WATEIk.

B. SOME OFILTHE WHITE SOLID EVAPORATED.

C. SOME OF THE WATER EVAPORATED.

3. WHY pID JAN'S SAMPLE OF SALT BECOME COOLER ?'

A. BONDS WITHIN THE CRYSTALS WERE BEING BROKEN.

B. BONDS WERE BEING FORMED WITHIN THE CRYSTALS.

C. BOTH OF THE ABOVE WERE HAPPENING.
-

4. WERE .THE TWO SUBSTANCES INVESTIGATED BY JAN. AND: BILL THE SAME.?

A. YES.

B., NO.

C. THERE IS NO WAY TO TELL.
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Minisequence III

COpper:A Structural Unit

Screening Assessmenti

es

The concepts developed in Minisequence III ate:

a. Some molecules are component structural units of larger
molecules. ,

b. A mol'cule is(aomposed of smaller structural units of
matter calleditoms.

c, Certain physical properties of crystals are characteristic
and Unique to a specific molecule, e.g%,cdolo and crystal
sh4e.

d. Certain interaction vroperties are unique to a spe c fic
molecule e.g.,the interaction between starch and i dine.

e. Physical andilpteraction properties can often be used, to
.*confirm the presence of a-particular molecule.

. ,

f. Atoms can sometimes be displaced from a molecule and then
replaced by other atoms- . -

g. The properties of molecules depend upon the atoms of which
they are composed; substitution of a tingle atom. for
Another atom will change_the'properNes of a molIUe.

,. .,

h. Subptances containing the same kind of atoms'as a com-
Lponfnt.liart may exhibit c tain properties in common

, (e.g., flame color, blue color of hydrated copper salts,)
based on the presence ofthis atom. )

% e

The'assessm6t for this Minisequence consitts-of six parts.
Hand. tout the assessment ,gages, A through H.' PagefI will be
given out last.'

40
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MINISEQUENCE III ASSESSMENTS

,/

The childKen,,should place their names in the appropriate
places. This assessment should take about 30-40 minutes to
administer.

A

ti

PART 1

Page A

Have -the children turn'to page A.

.a

I AM GOING TO ASK SOME QUESTIONS ABOUT PARTS AND WHOLES. YOU
SHOULD READ THE QUESTIONS, AND.CHOICES'SILENTLY AS I READ THEM ,

ALOUD TO YOU. WHEN I HAVE READ NEL THE CHOICES, DRAW A CIRCLE
THE.BEST CHOICE. (Allow about 30 seconds

n to respond to each item. If you think it
eachkquestion again as they select their Choice.)

AROUND THE LE
for"the c 1

helpful, rea

1. IF YOU WERE TO EXAMINE A TREE, YOU WOULD FIAD THE ,THREE
THINGS BELOW. WHICH WOULD BE THE SMALLEST-PART? ,

A. A LEAF.

B. A CELL

C. A TWIG '

2. A PUDDLE OF WATER IS COMPOSED OF THE THREE THINGS BELOW.
WHICH WOULD BE THE SMALLEST PART?

A. A MOLECULE OF WATER
fi

B. A DROP OF WATER

C. A SMALL CUP OF WATER

3. THE DEEP BLUE SOLUTION.FORMED WHEN-STARCki AND IODINE INTER-
ACT IS COMPOSED OF SEVERAL PARTS, INCLUDING THE FOLLOWING.
WHICH OF THE PARTS NOTED BELOW WOULD BE THE SMALLEST?

THE STARCH-IODINE COMPLEX

B. THE STARCH MOLECULE

C. A 1/4 TEASPOONFUL OF SOLUTION ir
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MINISEQUgNCE III' ASSESSMENTS

PART 2

Page B (-

Have the children turn to page B.'

flEit'E YOU WILL-FIND PAIRS,OF SWEMENTS. ONE OF 'THE STATEMENTS
IS TRUE AND`ONE IS FALSE. READ BOTH STATEMENTS SILENTLY TO
YOURSELF WHILECI READ THEM ALOUD TO YOU, AFTER I HAVE READ
BOTH STATEMENTS, DRAW A CIRCLE AROUND THE LETTER OF THE STATE-
MENT WHICH IS TRUE. (Allow about 30 seconds for the children
to eespond to .each item.)

'

1. 4. THE SMALLEST PARTS THAT ALL LIVING,THINGS HAVE IN
_COMMON ARE LEAVES. .

B. THE SMALLEST PARTS THAT ALL LIVING THINGS HAVE IN
COMMON APE CELLS.

2. A. ALL IRON SULFATE CRYSTALS HAVE THE SAMEAHAPE.

B. IRON SULFATE MAY CRYSTALLIZE IN SE DIFFERENT SHAPES.

4

3. , A. DATER MOLECULES ARE A PART OF'ALL'HYDRATE SALTS.

B. WATER MOLECULES ARE A PART OF ALL KINDS OF SALTS.

,4. A. A PART OF HE)LUE VITRIOL MOLECULE IS COPPER.

B. A PART OF OPPER IS THE BLUE VITRIOL,. MOLECULE. 4

. . EVERY SALT CONTAINS SOME COPPER.

B. SOME SALTS DO NOT.CONTAIN COPPER.

PART 3

page C

Have the children turn to page.C.

HERE ARE SOME MORE 'PROBLEMS ABOUT PARTS OF WHOLES. IN EACH
ITEM BELOW YOU.WILL FIND A PICTURE OF A STRUCTURE MADE UP OF
CERTAIN.UNIT PARTS.

42
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MI SEQUENCE III ASSESSMENTS-

AN INTERACTION IS SHOWN WHICH RE ULTS IN CHANGES IN THE:ARRANGE-
MENT OF THE UNIT PARTS. COMPLETE THE STATEMENT OF TgE INTER-
ACTION BY DRAWING THE CORRECT FIGURE OVER THE QUESTION ,MARK OR
BY COMPLETING THE PICTURE OVER THE QUESTION MARK. -

HERE IS AN EXAMPLE:

XO + Y YO +

TO COMPLETE THIS "INTERACTION" AN X SHOULD B PLAeED OVER 1

, .

THE - COMPLETED STATEMENT WOULDREAD AS:

1.

2.

XO. + Y -40wY0 + X,.

0

TTjRN TO PATE D.

4.

- 5.

t). ± 0 -
0

0
0
0
0

0z.* \ Ey

99099.0

amlowelb .0*

0
?,
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PART 4

Page E

Have the children (turn to page E,

MINSEQUENCE III AS FSSMENTS

/ .

HERE ARE SOME QUESTIONS WITH THREE POSSIBLE ANSWERS EACH. READ
EACH QUESTION AND ITS ANSWER SILENTLY WHILE I READ THEM ALOUD. ,

AFTER I HAVE F NISHED YOU WILL HAVE A SHORT TIME TO SELECT YOUR .

CHOICE AND CI LE THE LETTER IN. FRONT OF IT. (Allow` about 1 . t

minute for each response.)

I. ak MODEL OF THE TW9 PARTS OF A SALT MOLiCUTJE IN A BLIt
V, COLORED SOLUTION CAN BE PICTURED AS 4--() WHILE A MODEL OF

THE MOLECULES IN A COLOWSS.OR POSSIBLY SLIGIITLY YELLOW SOLUTION
CAN BE PICTURED AS 0--L) . WHICH COULD BE THE APPROPRIATE. PAIR
OF SYMBOLS FOR THE UNIT PARTICLES IAKING UP THE DISSOLVED SALT.
MOLECULES? N.

e .

A.°44S. ST:1 FOR COPPERIAND.() STANDS,FOR SULFATE -
i, . 11

Apo, B. gtAr$s-pok IRON, AND ,401) STANDS FOR SULFATE

C.

,

likOYANDSFOR4PER;
<

.

0. STANDS FOR IRON.

4eigyiL . . , r:
.

,

CONTAINING BLUE SOLUTION, . ,

D COPPER SULFATE'. IN ORDER
PPE* SULFATE.; SHE sgouni:,

2. DOTTY D *0 JARS EAST
SHE. KNEW THAT ONE SOLUTION.6ONTA
TO IDENTIFY rE SOLUTION CONTAINI

A. FILTER PART OP THE SOLUT ON irib LOOK FOR THE
APPEARANCE OF COPPER ON. E FALTER. PAPER.

$

B. PUT A PIECE OF IRON ty Q THESOLUtON AND LOOK
FORTE APPEARANCE0OF CO El5ON T'HE IRON.

4 .%\
C. OBSERVE'THE SOLUTION VERY FULLY wiTtiA MAGNIFIER.

, .

. . .. .

. ,
41 ,

3. MORRIS DISSOLVED SOME BLUE COP ER CHLORIDE SAWAN WATER.
HE DECIDED TO-REFORM'SOMEtRYSTALS ANbsci HE PLACED SOME OF 'TEE
SOLUTION IN AN ALUMINUM PIE PAN. WHAT MIGHT HAPPEN? .7- .x.

44
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` MINISEQUENPE III ASSESSMENTS

1

A. A BIG,HOLE'WOULD APPEAR IN THE PAN AND SOME
METALLIC COPPER WOULD FORM.

B. NOTHING'WOULD cHANIE ,IN THE APPS RANCE OF 'THE BLUE
COPPER CHLORIDE SOLUTION IN THE'AN.

C. THE WATER WOULD EVAPORATE VERY QUICKLY FROWTHE BLUE
SOLUTION IN THE PAN.

4

PART, 5

Page F /
C

Have the children turn tQ pages F and G.

THIS PART OF THE'ASSE§,SMENT HAS SOME QUESTIONS ABOUT A PARTICU-
LAR SITUATION. AFTER-I READ ALOUDTACH QUESTION AND ITS POSSI-
BLE ANSWERS CIRCLE THE LETTER IN FRONT OF YOUR PREFERRED ANSWEI..
HERE IS THE SITUATION: LIZ IS DOING AN EXPERIMENT WITH A WHITE
CRYSTALLINE SALT. SHE OBSERVED THE CRYSTALS WITH A MAGNIFIER
AND SAW THAT THEY WERE IN THE SHAPE OF DIAMONDS, 0 .' WHEN SHE

° HEATED SOME OF THE CRYSTALS IN A FLAME, THE FLAME BECKME'RED. `

1. LIZ' DISSOLVED SOME OF THE CRYSTAL IN WATER. WHEN THE SALT
RE YSTALLIZED LIZ OBSERVED THAT THE:01YSTALS WERE' ALSO DIAMOND
'SIDED. ,SHE CONSIDERED THIS WAS TO BE EXPECTED SINCE:

A. DIAMOND SHAPED CRYSTALS ARE ALWAYS'FORMED BY WHIre,
SALTS:

B. SHE ALLOWED THE SOLUTION TO STAND OVERNIGHT.

C. WHEN THE pSTANCE DISSO D IN THE WATER, ITS
COMPOSITION HAD NOT CHAgGE

1/4

2. 'MADE UP SOME MORE SOLUTION. BY ACCIDENT SOME OTHER
POWDER FELL IN. THE SOLUTION. BECAME CLOUDY. pEE!FILTERED
AND SET ASIDE THE CLEAR LIQUID WHICH CAME, THROUGH. SHE OBSERVED
THLtIQUID THE NEXT DAY. LONG NEEDLE SHAPED CRYSTALS .HAD
FORMED!'' WHICH OF THE FOLLOWING MOST LIKELY EXPLAINS WHAT
HAPPENED? 0

51 , 45
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MINISEQUENCE'a ASSESSMENTS

9A. THE SOLID SALT WAS THE SAME AS THE ONE SHE STARTED
WITH BUT THE CRYSTALS WERE LONGER.

B. DRYING OUT ALWAYS dhANGES CRYSTAL-SHAPES.

C. THERE WAS AN INTERACTIO WITH THE POWDER AND A
DIFFERENT KIND OF MOLECULE WAS FORMED.

;lc

6

J. LIZ THEN HELD THE NEW NEEDLE SHAPED CRYSTALS IN A FLAME.
THE FLAME WAS THE' SAME COLOR RED AS SHE OBSERVED WITH THE DIA-
MOND CRYSTALS. WHICH OF-THE FOLLOWING BEST EXPLAINS WHY?

A. 4-WHITE CRYSTALS ALWAYS PRODUCE RED FLAMES.

B. THE SAME UNIT PARTICLE WAS PRESENT INBOTH.THE DIAMOND
AND NEEDLE SHAPED' CRYSTALS.

9

.C, THE WATER AND THE POWDER INTERFERRED-WITH THE TESTING
IN THE FLAME. '

Page G.

NOW TURN TO PAGE G.

4. LIZ DISSOLVED THE NEEDLE SHAPED CRYSTALS. SHE INSERTED A
PIECE op METAL WIRE INTO THE SOLUTION.

4 THE SOLUTION TURNyD-
GREEN. SHE MIGHT EXPECT THAT:

, A. OVER A PERIOD
DARKER GREEN.

". B. A' NEW KINDIMP
METAL.

OF TIME,' THE SOLUTION WOULD BECOME A

MOIECULE HAS BEEN FORMED FROM PART OF THE .4

C. BOTH A AND B ABOVE.

'5. THE MOST LIKELY REASON FOR THE ABOVE" OBSERVATION IS THATt-

/
46 .

0,

A. PARTICLBMAKING
PARTICLES MAKING

B. METALS fdENERALLY
* r

UP THE METAWIRE EXCHANGED PLACES WITH
UP THE SALT MOLECULES SOLUTIQN.,1,

4
FORM GREEN SOLUTIONS.

C. PARTICLES ARE COMING OFF THEW 'WIRE AND:,-MIXING,. WITH4HE
DISSOLVED SALT TO MAKEIT GREEN, .

52
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4 MINISEQUENCE III ASSESSMENTS

.44

J

6. LIZ TESTED THE GREEN SOLUTleN'IN A FLAME. IT DID NOT MAKE
THE FLAME RJ,.BUT MADE THE FLAME PURPLE. .WHAT IS THE MOST
`LIKELY REAS

A. THE GREEN MOLECULES RI THE'''SOLUTION AND THE ORIGINAL
RED FLAME WOULD MAKE THE FLAME PURPLE.-

B. THE UNIT PARTICLE RESPONSIE FOR THE RED FLAB IS NO
LONGER A PART OF,THE MOLECULES IN THE SOLUTION.'

c: B OTH OF THE ABOV ARE TRUE.

7. LIZ TESTED ANOTHER PIECE OF THE SAME METAL WIRE. IT IS MOST,
PROBABLE THAT THE WIRE WOULD PRODUCE A FLAME THAT WAS:

A. RED

B. PURPLE

C. COLORLESS

8. LIZ DECIDED TO GROWCRYSTALS FROM THE GREEN SOLUTION SHE HAD
MADE. WHICH OF THE FOLLOWING. WOULD SHg MOST LIKELY OBSERVE FOR
THE CRYSTALS WHICH .FORM?

A. THBY MIGHT BECOLORED GREEN.

(13. THEY WOULD- CERTAINLY BE NEEDLE SHAPED.

d. THEY MIGnT.BE/COLORED PURPLE AS WAS.THE.FLAME:

PART 6
)

Page H

Hand out page H to,the children. Yotiill distribute p age I
'after you collect their responses to page H.

THERE WILL BE THREE TASKS FOR YOU TO DO ABOUT THE FOLLOWING
SITUATIONS. THE SITUATIONS HAVE TO DO WITH E PEUIMENTS'E
IN A CLASSROOM IN ANOTHER COUgTRY. THE CHILD N OBSERVED AND
THEN EXPLAINED WHAT THEY THOUGHT WAS HAPPENING TO THE MOLECULES.
THEY USED WORD "EQUATIONS". SOME Or THE:NAMES THEY USED FOR
PARTICLES WERE DIFEERENT FROM THE ONES WE USE. .IN'dENER4,.
THEY FOUND THE'FOT4OWING TO OCCUR II THEIR OBSERVAkaONS:

, k

4.
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MINISEQUEgCE III ASSESSMENTS--

.CHLORIDE CRYSTALS WERE CUBE-SHAPED,.

SULFATE CRYSTALS WERE NEEDLE-gHAPED.
o

NITRATE CRYSTALS WERE ANGLE-SHAPED.

AND IN A FLAME "COPIUM" MADE IT RED.

"SCHOOLIUM"-MADE IT GREEN.

"TEACHIUM"-MADE IT YELLOW. .

TASK I: COMPLETE THE FOLLOWING WORD EQUATIONS BY FIILING-Tr
THE BLANK LINES.

A. SCHOOLIUM +2EACHIUM SULFATE --- (TEACHIUM *; SULFATE

B. COPIUM + SCHOOLIUM CHLORIDE 41,SCHOOLIUM 4- COPIUM'
'1 .

C. COPIUM + TEACHIUM SULFATE + COPIUM SULFATE'

'D. POTASSIUM. + COPIUM +,POTASSIUM CHLORIDE \

10

TASK II: ,KEEP IN MIND THAT THE FOLLOWING COLORS ARE- RODUCED
IN FLAMES BY THE INDIVIDUAL UNIT PARTICLES: COPIUM ODUCES.
RED; SCHOOLIUM PRODUCES GREEN; TEACHIUM PRODUCE ;pow.

NOW, IN THE ABOVE WORD EQUATIONS, PLACE A ON ALL,TgE SUB-
STANCES WHICH COULD MAKE A FLAME YELLOW, D AN R ON ALL THE
SUBSTANCES WHICH WOULD MAKE A FLAME 119.

Collect the assessment pages completed by th= children and iteri
distr,Oute page I, the final item in this ssessment.

(-

Rage I.
4

NOW LOOK AT.PAGE'I.

.4 "a,.
,

TASK III:- KEEP IN MIND THE OBSERVATIONS TkAT'CHLORIDES'FORM
I,CUBES,'SULFATES FORM_NEEDLES,.AND'NITRATES FORM AkGLED CRYSTALS.
NOW IN' THE FOLLOWING 'LIST OF SALT MOLECULEd'PLACE A SQUARE, C3
NEXT TO THE MOLECULES YOU',EXPECT.TO FORM CUBES WHEN THEY CRYSTAL-
LIZE, AND A LINE, ,NEXT THOSE WHICH YOU EXPECT TO FORM NEE-

. DLES. -HERE IS THE LIST.

48
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A. POTASSIUM CHLORIDE

B. COPIUM SULFATE

C. TEACHIUM CHLORIDE

E
TEACHIUM SULFATE

COPIUM NITRATE

F. SODIUM CHLORIDE

. G. SCHOOLIUM NITRATE

H. COPPER NITRATE

7

40.
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Name: , Pag44....A

1. IP YOU WERE TO EXAMINE A TREE, YOU WOULD FIND THE THREE THINGS BE-
LOW. WHICH WOULD BE THE SMALLEST PART?

. A LEAF

B. A CELL

C. A TWIG

sr
2. A PUDDLE OF WATER IS COMPOSED OF THE THREE THINGS BELOW. WHICH
WOULD BE%THE SMALLEST PART?

A. A MOLECULE OF WATER
do.

B. A DROP OF WATER

C. A SMALL CUP O WATER

3. THE DEEk, BLUE SOLUTION FORMED WHEN STARCH AND IODINE INTERACT IS
COMPOSED OF SEVERAL PARTS, INCLUDING THE FOLLOWING. WHICH:b.OF THE PARTS
NOTEDBELOW WOULD BE THE SMALLEST?

A. THE STARCH-IODINE COMPLEX

B. THE STAH MOLECULE

C. A r/4. ASibONFUL OF SOLUTION

o

50
qv/

5d.



III Name: Page B

I. A. THE SMALLEST-`PARTS THAT ALL IVING ,THINGS HAVE IN COMMON ARE
LEAVES.:

B. THE SMALLEST PARTS THAT ALL LIVING THINGS HAVE IN COMMON ARE
CELLS.

2. A. ALL IRON SULFATE CRYSTALS HAVE THE SAME SHAPE. -

B. IRON SULFATE MAY CRYSTALLIZE INSEVERAL DIFFERENT SHAPES.

3. A. WATER MOLECULES ARE A PART O' ALL HYDRATE SALTS.

B. WATER MOLECULiS ARE A PART OF AtL.KINDS OF SALT-

A. A PART OF THE BLUE VITRIOL MOLECULE ISCOPPER.

B. A PART OF COPPER IS THE BLUE VITRIOL MOLECULE.

5. A© EVERY .SALT CONTAINS SOME COPPER.

B. SOME SALTS DO NOT CONTAIN COPPER.

O

a

(

I

5
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f4

Page C

HERE ARE SOME MORE PROBLEMS ABOUT PARTS OF WHOLES. IN EACH ITEM BELOW
YOU WILL FIND A PICTURE OF A STRUCTURE MADE UP OF CERTAIN UNIT PARTS.
AN INTERACTION IS SHOWN WHICH RESULTS IN CHANGES IN THE ARRANGEMENT
OF THE UNIT PARTS. COMPLETE THE STATEMENT OF THE INTERACTION BY
DRAWING THE CORRECT FIGURE OVER THE QUESTION MARX OR BY COMPLETING THE
PICTURE OVER THE QUESTION MARK. .4

HERE IS AN EXAMPLE:

XO + Y YO +

TO COMPUTE THIS "INTERACTION AN X SHOULD BE PLACED OVER 1 . THE

COMPLETE STATEMENT WOULD READ AS:

1.

2.

XO + Y ' YO + X

a

?

0+0 -411i.

O

4

4
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III. Name: Page E
1. A MODEL OF THE TWO PARTS OF A SALT MOLECULE IN A BLUE COLORED-'
SOLUTION CAN BE PICTURED AS 0 WHILE A MODEL4OF THE MOLECULES
IN A COLORLESS OR POSSIBLEY SLIGHT YELLOW SOLUTION CAN BE PICTURED AS-0. WHICH COULD BE'THE APPROPRIATE PAIR OF SYMBOLS FOR THE UNIT
PARTICLES MAKING UP THE DISSOLVED SALT MOLECULES?

A.. STANDS FOR COPPER, AND 0 STANDS FOR SULFATE

. D STANDS FOR IRON, AND Q STANDS FOR SULFATE

C. 0 STANDS FOR cOPPER,ANDSTANDS FOR IRON.

2.. DOTTY PICKED UP TWO JARS EACH CONTAINING BLUE SOLUTION. SHE KNEW
THAT ONE SOLUTIONsCONTAINED COPPER SULFATE. IN ORDER TO IDENTIFY THE
SOLUTION CONTAINING COPPER SULFATE, SHE SHOULD:

A. FILTER PARTS OF THE SOLUTION AND LOOK FOR THE APPEARANCE OF
COPPER IN THE FILTER PAPER..

B. PUT A PIECE OF IRON IN PART OF THE SOLUTION AND LOOK FOR
THE APPEARANCE OF COPPER IN THE IRON.

C. OBSERVE THE SOLUTION VVY CAREFULLY WITH A MAGNIFIER.'

S:

3. MORRIS DISSOLVED SOME BLUE COPPER CI-ARIDE SALT IN WATER.' HE
DECIDED TO REFORM SOME CRYSTALS AND SO HE PLACID SOME OF THt SOLUTION
IN AN ALUMINUMaPIE VAN. WHAT MIGHT HAPPEN?

A. A ,BIG HOLE WOULD APPEAR IN THE PAN AND SOME METALLIC
COPPER WOULD FORM.

OTHING WOULD CHANGE IN THE APPEARANCE OF THE BLUE COPPER
CHLORIDE SOLUTION IN THE PAN.

C. THE WATER WOULD EVAPORATE VERY QUICKLY FROM THE BLUE
SOLUTION IN THE PAN.
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III Name: Page F

LIZ IS DOING
THE CRYSTALS
DIAMONDS, 0
FLAME BECAME

4

AN EXPERIMENT WITH'A WHITE CRYSTALLINE SALT. SHE OBSERVED
WITH A 'MAGNIFIER AND SAW THAT THEY WERE IN THE SHAPE OF

WHEN SHE HEATED SOME OF SHE CRYSTALS IN A FLAME, THE
RED.

1. LIZ DISSOLVED SOME OF THE CRYSTALS IN 'WATER. WHEN THE SALT
RECRYSTALLIZED, LIZ OBSERVED THAT THE CRYSTALS WERE ALSO DIAMOND SHAPED.
SHE CONSIDERED THIS WAS TO BE EXPECTED SINCE:

.to
A. DIAMOND SHAPED CRYSTALS ALWAYS FORMED BY WHITE SALTS.

'B. SHE ALLOWED T&'sbLUTION TO STAND OVERNIGHT.

C. WHEN THE.SUBSTANCE DISSOLVED IN THE WATER, ITS COMPOSITION
HAD NOT CHANGED. r

2. LIZ MADE UP SOME MORE SOLUTION. BY ACCIDENT SOME OTHER POWDER
FELL IN. THE SOLUTION BECAME CLOUDY. SHE FILTERED IT AND SET ASIDE
THE CLEAR LIQUID WHICH CAME THROUGH. SHE OBSERVED THE LIQUID THE
NEXT DAY. LONG NEEDLE SHAPED CRYSTALS HAD FORMED. WHICHOF THE
'FOLLOWING MOST LIKELY EXPLAINS WHAT HAPPENED?

4
A. THE. SOLID SALT WAS .THE SAME AS.THE ONE-SHE STARTED WITH

THE CRYSTALS WERE LONGER. .

B. DRYING OUT ALWAYS CHANGES CRYSTAL SHAPES.

C. THERE WAS AN INTERACTION WITH THE POWDER AND A
' DIFFERENT KIND OF MOLECULE WAS ,ORMED.

3. LIZ THEN HELD THE NEW NEEDLE SHAPED CRYSTALS IN A FLAME, THE
FLAME WAS THE SAME COLOR RED AS SHE OBSERVED WITH THE DIAMOND CRYSTALS.
WHICH OF THE FOLLOWING BEST EXPLAINS WHY?

A. WHITE CRYSTALS ALWAYS PRODUCE RED FLAMES.

B. THE SAME UNIT PARTICLE WAS PRESBNT IN BOTH THE DIAMOND
AND NEEDLE SHAPED CRYSTALS.

.C. THE WATER AND THE POWDER INTERFERRED WITH THE TESTING
IN'THE FLAME.

,

.
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IBS Name; Page G

4. LIZ DISSOLVED THE NEEDLE SHAPED CRYSTALS. SHE INSERTED A PIECE
OF METAL WIRE INTO THE SOLUTION. THE SOLUTION TURNED GREEN. SHE
MIGHT EXPECT THAT:

A. OVER A PERIOD OF TIME, THE SOLUTION WOULD BECOME A DARKER,
GREEN.

-B. -A NEW KIND OF MOLECULE HAS BEEN FORMED FROM PART OF THE
METAL.

C. BOTH A AND B ABOVE.

5. THE MOST LIKELYREASON FOR THE ABOVE OBSERVATION IS THAT:

A. PARTICLES MAKING UP-THE METAL WIRE EXCHANGED PLACES WITH
PARTICLES MAKING UP THE SALT MOLECULES IN SOLUTION.

B. METALS GENERALLY FORM GREEN SOLUTIONS.

C. PARTICLES ARE COMING OFF THE WIRE AND MIXING WITH THE
DISSOLVED SALT TO Mr IT GREEN.

.-6. LIZ''TESTED THE GREEN SOLUTION IN A FLAME." IT DID NOT MAKE THE
FLAME RED, BUT MADE THE FLAME PURPLE. WHAT IS THE MOST LIKELY REASON?

A. THE GREEN MOLECULES IN THE SOLUTION AND THE ORIGINAL RED
FLAME WOULD MAKE THE FLAME PURPLE.

B. THE UNIT PARTICLE RESPONSIBLE FOR THE RED FLAME IS NO
LONGER A PART OF THE MOLECULES IN THE SOLUTION.

C. BOTH OF THE ABOVE ARE TRUE.

7. LIZ TESTED ANOTHER PIEc1 OF THE SAME METAL WIRE, IT IS MOST
PROBABLE THAT THE WIRE WOULD PRODUCE A FLAME THAT WAS:

A. RED
.

B. PURPLE

C. COLORLESS

8. LIZ DECIDED TO GROW CRYSTALS FROM THE GREEN SOLUTION SHE HAD MADE.
WHICH OF THE FOLLOWING WOULD SHE MOST LIKELY OBSERVE- FOR THE C5STALS
WHICH FORM?

A. THEY MIGHT BE COLORED GREEN.

B. THEY WOULD CERTAINLY BE NEEDLE SHAPED.

C. THEY MIGHT BE COLORED PURPLE AS WAS THE FLAME..
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III Namg: Page- H

THE SITUATIONS HAVE TO DO WITH EXPERIMENTS DONE IN A CLASSROOM IN
ANOTHER COUNTRY. THE CHILDREN OBSERVED AND THEN EXPLAINED WHAT THEY
THOUGHT WAS HAPPENING TO THE MOLECULES. THEY USED WORD "EQUATIONS"y
SOME OF THE NAMES THEY USED FOR"PARTICLES WERE DIFFERENT FROM THE.
WE USA'. IN GENERAL, THEY FOUND THE FOLLOWING TO OCCUR IN THEIR OBSER-
VATIONS:

CHLORIDE CRYSTALS WERE CUBE-SHAPED.

SULFATE CRYSTALS WERE NEEDLE-SHAPED.

TRATE CRYSTALS WERE GLE-SHAPED.

AND -IN A FLAME "COPIUM" MADE D.

"SCHOOLIUM" MADE IT GREEN% ,

"TEACHIUM" MADE IT YELLOW.

TASK I: COMPLETE THE FOLLOWING WORD EQUATIONS BY FILLING IN THE
BLANK LINES. / ,

A. SCHOOLIUM + TEACHIUM SULFATE TEACHIUM + SULFATE

B. COPIUM + SCHOOLIUM CHLORIDE ==.-0- SCHOOLIUM + COPIUM

C. COPIUM + TEACHIUM SULFATE

D. POTASSIUM +.COPIUM CHLORIDE 4.

+ coPrum SULFATE

+ POTASSIUM CHLORIDE

TASK II: KEEP IN MIND-WAT THE FOLLOWING COLORS ARE PRODUCED. IN FL
BY THE INDIVIDUAL UNIT PARTICLES: COPIUM PRODUCES RED; SCHOOLIUA PRO-,
DUCES GREEN; TEACHIUM. PRODUCES YELLOW. a

NOW, IN THE ABOVE WORD EQUATIONS, PLACE A V ON ALL THE SUBSTANCES WHICH
COULD MAKE A FLAME YELLOW, AND AN R ON ALL THE SUBSTANCES WHICH WOULD
MAKE A FLAME RED.

4
4

7

411
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. Page I

TASK KEEP IN MIND THE OBSERVATIONS -SHAT CHLORIDES FORM CUBES,
SULFATES FORM NEEDLES., AND NITPATES,FORM ANGLED CRYSTALS. NOW ,SIN THE
FOLLOWING LIST OF' SALT MOLECULES PLACE A SQUARE, 111 NEXT TO THE
MOLECULES YOU EXPECT TO FORM CUBES WHEN THEY'.:CRYSTALLIZE,AND
NEXT TO THOSE WHICH YOU EXPECT TO FORM NEEDLES. HERE'IS THE LIST.

A POTASSIUM CHLORIDE

B. COPIUM SULFATE.

C. TEACHIUM CHLORIDE

O. TEACHIUM SULFATE
a

E. CO IUM NITRATE

F. SOD UM CHLORIDE

G. SCHOLIUM NITRATE

H. COPPER NITRATE'

/

58.



a

/w

Minisequence IV

4

A Tendency To Spread Out

Screening Assessments

The concepts developed in Minisequence IV and tested in this
set of Assessments are

a. When two samples of a 10. quid at different temperatures
are placed in thermal contact, such tAt heat energy,
transfer can take place, off

1: the heat energy transfer will, be from the sample
at the higher temperature to that at the lower
temperature'',

2, the total heat energy in all parts' of the, system
remains constant. Heat, energy is nserved.

b. Although heat_ energy, is conserved on mixing samples of
water having different temperatures, the available heat
energy, being at, a lower temperature, key ,no. longer be
able to perform certain work--such breaking bonds
within 'certain solid substances. That is, the heat
energy has been degraded'

c. There is a natural tendency for molecules to spread out
into whatever space is available to them.

d. Molecules tend to move fr.qm regions of higher concen-
tration to regions of,lower concentration, just as in
the transfer oD heat energy.

As the molecules-dispers'e (spread out) over a period of
tite, there develops a smooth 'gradation (gradient) in
concentration fron the higher t,c&the lower concentration

59
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MINISEQUENCE IV ASSESSMENTS,

f. 'Systems, f undisturbed, tend naturally towards equal
concentrations of molecules and equal temperatures, a
state of equilibrium.

g.
,

The ipreadingNout into regions of lower concentration and
the attainmerit of a state of equilibrium'can be.thought of
as a "net" or average result. At the molecular level,
some molecules may be moving in the,reverse direction- -
i.e., into regions of higher concentration.

The Assessment is in four parts; if desired, Part 1, which
deals with concepts a and b, may be administered after Activity
3. The remaining parts deal with concepts c through T. Con-
cept g, which i.s fur9ler developed' in Minisequence V, will be
tested in thenext group of Assessments.

e

Distribute the pages of the assessment and have the children
write their names in the appropriate places. Part 1 should
take about 15 minutes and Parts 2, 3, and 4 should take
another 15 minutes, to administer.

PART 1

Page A.

Be sure the children have pages A;Pir, C;'-D, and

IN THIS ASSESSMENT I HAVE SOME QUESTIONS ABOUT THREE SITUATIONS_.
EACH SITUATION HAS A NUMBER OF DIFFERENT QUESTIONS TO'BE AN-
SWERED. EACH QUESTIONCTS FOLLOWED BY POSSIBLE ANSWERS OR
BLANK SPACES IN WHICH ANSWERS ARE TO BE WRITTEN. I SHALL READ
ALOUD EACH QUESTION AND ITS POSSIBLE ANSWERC, WHEREVER THEY'
ARE GIVEN. YOU MAY READ SILENTLY,AIONG WITH ME. .CIRCLE THE*
LETTER IN FRONT OF YOUR PREFERRED RESPONSE TO THE QUESTION

'OR FILL IN THE BLANK SPACES AFTER I FINISH READING. HERE IS
THE FIRST SITUATION.,-

AIfyou 'think it helpful to the chil;4;lrene repeat each qu,estion
''a'a'they select their 'choices.)

SITUATION I: TVWAS INVESTIGATING A PERTAIN WA=
CRYSTALLINE SdL FOUND.THAT IT WOULD MELT WHENEVER IT /

WAS PLACED NEXT TO A SURFACE'WITH,A TEMPERATURE'bF 45°C. THE
FOLLOWEIG GRAPHS REPRESENT THE VOTiUME-TEMPERATURE PROPERTIES
OF FOUR DIFFERENT isAfRS OF WATER SAMPLES.
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MINISEQUENCE IV ASSESSMENTS

Page B
1

KEEP PAGE A IN FRONT "OF YOU, BUT TURN TO_PAGE B. FOR THE FIRST
QUESTION.

°

1. .IN THE BLAN
IN EACH gANra

. 0

PAIR #1

PAIR #2

PAIiz. #3

PAIR #4

K SPACES BELA ENTER THE NUMBeOF

SAMPLE A. SAMPLE B.

SAMPL.C. SAMPLE D.

SAMPLE E.

SAMPLE G.

SAMPLE P.

SAMPLE/H.

2. TO THE RIGHT OF EACI( PAIR OF GRAPHS' CONS
WHICH SHOWS THE VOLUME-TIMPERATURE 'PROPERTIES
OBTAINED WHEN THE TWO SPOMPLES OF'Tfit PAIR ARE
NOTICE THAT THEFIRST ONE IS ALREAD -Y DONE 'FOR

3 NOV LOOK
',(BEFORE -THEY

OR THE "taRAPH
IN; EACH PAIR
YQU BELN.

Page C.

4

a
4.

CT A GRAPH
F THE MIX
OURED TOGETHER.
OU, BELOW.

. ..---

.

AT THE GRAPHS OF THE PAIRS OF WATER SAMPLES.,
WERE MIXED).. 41TH YOUR PENCIL MARK THE h.e.-1.1.'s°
WHICH ARE TRANSFERRED GUT FROM ONE OF .THE SAMPLES -

. NOTICE TBAT* Om FIpST ONE IS.ALREAft DONE F012.

°

s

TURN TO PAGE C, BUT STILL KEEP PAGE A IN FRONT OF YOU.

0

1/e
4. -BETTY FOUND THAT THE WHITE CRYSTALS
WOULD MELT-WHEN PLACED NEXT To,samprp F.
SAMPLES CAN ALSO MELT THE CRYSTALS? A,
CIRCLE THP LETTUS OF ,THE. SAMPLES.

MENTIONED EARLIER* a

WHICH°OF THE 'OTHER
B, C,'D, E OR G?

5c THE MIX MADE FROM SAMPLES E AND'F COULD/ALSO MELT THE
CRYSTALS. THIS WOULDHAPPtN,BECAUSp:

'I A.$ THE MIX CONTAINS ALL THE h.e.l.r.'s OF EACH SAMPLE.
Rio

B.1 THE TEMPERATURE OF THE MIX WAS NIGH ENOUGH'ITO MELT
THE. SOLID.

. THE MIX CONTAINS SQ MUCH MORE WATER_,THAN THE SEPARATE
SAMPLES,

y._
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. MINISEOUENCE IV ASSESSMENTS r

-;"
6. ST WOULD' BE EXPECTED THAT THE WHITE SOLID WOUIiD B.EmELTED,

' BY ALL THE MIXES BECAUSE:

A.

B.

EACH SAMPLE MAKING UP THE MIX COULD MELT THE SOLID.,

THE MIX CONTAINS MANY MORE h.e.u.'s THAN:THE SEPARATE
SAMPLES.

C. THE STATEMENT IS REALLY NLILTRIIE.
g X

)
Page D

tic:kg ask the children to turn to page D. 'They will not need
page A `for reference anymore.

ir

HERE'S SITUATION II: MURIEL HAD A LARGE CONTAINER WITH 10
MEASURES'OF WATER IN'IT. THE TEMPERATURE OF THIS SAMPLE WAS
10 °C: SHE PLACED INTO THIS LARGE SAMPLE OF WATER A SMALL
STOPPERED TUBE CONTAINING ONLY 1 MEASURE OF LipT TEA.' THE
TEMPERATURE OF THE TEA WAS 80°C. HERE ARE SEVERAL STATEMENTS
ABOUT TILTS SITUATION. CIRCLE THE LETTER.OF THE RESPONSE WHICH
BEST COMPLETES EACH STATEMENT.

1. IF MURIEL CALCULATED THE HEAT
SHE PLACED THE TUBE OF TEA IN TIE
WOULD FIND THAT:.

ENERGY IN EACH SAMPLE BEFOW
'LARGE SAMPLE OF WATER? SHE

. .

A. BOTH SAMPLES CONTAIN THE SAME AMOUNT OF HENIIENERGY.
'y

B.. THE SMALLER SAMPLE OF TEA CONTAINS AOREHEATENERGY
THAN THE LARGER SAMPLE OF WATENG. .

....;..,., , . t

dC. THE LARGER SAMPLE OF WATER CONTAINS MOREHHEAT ENERGY
THAN THE SMALL* SAMPLE OF TEA.

\. c'. a 1,4,

'2, AFTER THE.TtJBE WITH THE TEA WAS SITTING IN THE WATER SAMPLE
FORA FEW. MINUTES MURIEL SHOULD EXPECT THAT:

62
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A. 'HEAT ENERGY WOULD BE TRANSFEJ;RED 9UT,OF'THE SMALLER'
SAMPLE.

B. HEAT ENERGY WOULD BE TRANSFERRED OUT OF THE LARGER
SAMPLE-. ' d

C. THERE WOULD BE NO TRANSFER OF HEAT ENERGY FROM EITHER
SAMPLE.

.4



3. AFTER THE TUBE WITH THE
WATER FOR ABOUT 100IIMITES,
TEMPERATURE OF EACH SAMPLE.

MINISEdUENCE IV: BBESSMENTS
-%T

TEA WAS LEFT YET 'THE CONTAINER :OT'
MURIEL DECIDED TO MEASUKE THE,

SHOVLD EXPECT TO *ND THAT:_,--

A. THE TEMPERATURE OF BOTH SAMPLES WOULD BE THE SAME.%

B. THE TEMPERATURE OF THE SAMPLE OF TEA'WOULDHE HIGHER'
,./THAN THE LAGER SAMPLE OF WATER.

C. THE TEMPERATURE OF THE LARGER SAMPE-OF WAI1ER WOULD
BE HIGHER THAN THE SMALLER SAMPLE OF TEA.

44 AFTER 10 MINUTES MURIEL.WOULD NOTICE THAT:
r-

A. THE ORANGE TEA COLOR".HAD SPREAD THROUGHOUT/THE LARGER
CONTAINER OF WATER. %

B. THE ORANGE COLOR OF THE TEA HAD BECOME DARKER.
:',

C. THERE WAS NO CHANGE IN THE COLOR OF THE ,LIQUID. IN
EITHER CONTAINER. . ,

r

,

/

Page E

NOW TURNTO PAGE E.

SITUATION DARRELL PUT A METAL BICYCLE IN HIS ROOM. THE
TEMPERATURE OF THE ROOM WAS 25°C. LATER WHEN HE TOUCHED THE
METAL'PARTS 'OF THE BICYCLE IT MADE HIS HAND FEEL COOL.. HE -

KNEW THE TEMPERATURE OF HIS BODY WAS GENERALLY ABOUT 37°C.

1. IN EXPLAINING WHY IS HAND FELT COOL WHEN HE TOUCHED THE
BIKE DARRELL REASONED THAT THIS WAS BECAUSE:

A. METALS ALWAYS FEEL COOL TO THE TOUCH.

B. THERE n,S A TRANSFER OF HEAT ETEP(17 FROM HIS HAND
TO THE -HIKE.

)

C. HEAT ENERGY ALWAYS TRANSFERS OUT OF A PERSON'S BODY.

2. IN THE SUMMERTIME HE STORED THE BIKE IN A CLOSED ROOM IN
WHICH THE TEMPERATURE WENT UP TO `40' °C .jTHAT IS, 10"4° ON THE
FAHRENHEIT SCALE!). MEAT MIGHT DARRELL NOW EXPECT. TO FEEL
AS HE PICKED UP HIS METAL BIKE?

"sa
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MINISEQUENCEIV ASSESSMENTS

A. IT WILL FEE HOT SINCE ITS TEMPERATURE IS HIGHER THAN
DARRELL'S ODY TEMPERATURE.

B. IT WILL STILL FEEL COOL TO THE4TOUCH SINCE THE BIKE
-IS MADE OF METAL.'

C. IT WILL FEEL NEITHER COOL NOR HOT SINCE THE TEMPERATURE
IS NORMALLXHIGH IN THE SUMMERTIME.

.SITUATIQN IV: SUPPOSE THAT YOU HAVE 5 MEASURiS OF WATER AT
15°C IN A METAL CUP SUSPENDED IN A LARGE CONTAINER HOLDING ,

10 MEASURES F WATER AT 10°C. SOON HEAT. ENERGY WILL BE TRANS-
FERRED FROM:

A. TH.E IWATER OUTSIDE TO THE WATER INSIDE THE CUP BECAUSE
THEP;E ARE FEWER h.e.u.'s IN THE WATER,IN.THE CUP.

B. INS DE THE CUP TO THE OUTSIDE, BECAUSE HEAT ENERGY'
T SFERS FROM HIGH TEMPERATURE TO LOW TEMPERATURE.

C. IN ITHER DIRECTION BECAUSETHERE IS NO DIRECT e0N-
'L2AC BETWEEN THE TWO SAMPLES OF WATER.

PART 2

Pagt- F

Have the Children turn to page F.

HERE YOU WILL FIND PAIRS OF STATEMENTS. ONE OF THE-STATEMENTS
INEACH PAIR IS TRUE AND THE OTHER IS NOT TRUE. READ BOTH
STATEMENTS SILENTLY TO YOURSELF WHILE I READ THEM ALOUD TO
YOU. AFTER I HAVE READ BOTH-STATEMENTS DRAW A CIRCLE AROUND
THE-LETTER OF THE STATEMENT WHICH IS TRUEr.'_

,1. A. HEAT ENERGY IS TRANSFERRED ONLY FROM A..REGION OF LOW
TEMPERATURE TO A REGION OF HIGH TEMPERATURE,.-

B. HEAT ENERGY I NSFERRED
TEMPERATURE A A REGION OF

ONLY FROM A REGION OF- HIGH -/-1-

LOW7MPERATURE

2. WHEN TWO SAMPLES OF WATER ARE MIXED:

A. THE HEAT ENERGY.OF THE MIX IS THE SUM'OF*THE HEAT'
ENERGIES OF THETWO SAMPLES.

ter,,

,B. THE TEMPERATURE OF THE MIX IS THE SUM OF THE'
TEMPERATURE OF THE TWO SAMPLES.

64
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MINISEQUENCE IV ASSESSMENTS

3. WHEN A SAMPLE OF A SOLUBLE SUBSTANCE IS PLACED IN CONTACT
WITH WATER, ITS MOLECULES:

4

A. SPREAD OUT UNTIL THEIR CONCENTRATION IS THE SAME
THROUGHOUT ALL TH4 WATER, INCLUDING WHERE THEY WERE
ORIGINALLY PLACED.

B. SPREAD OUT INTO THE WATER AND CONCENTRATE IN REGIONS
AWAY FROM WHERE THE SAMPLE WAS FIRST PLACED.

A. A SAMPLE' OF PURPLE` COLORED GAS WILL DIFFUSE THROUGH
THE Atil AND BECOMEt-LIGHTER IN COLOR AS 'IT DOES

A SAMPLE OF ,PURPLE COLORED GAS WILL DIFFUSE THROUGH THE
AIR AND DARKEN.ASIT HOES SO.

PART S

Page G

Have the children now turn to page G.

HERE ARE THREE STATEMENTS TO BE COMPLETED OR QUESTIONS TO BE.
ANSWERED. AGAIN, CIRCLE YOUR PREFERRED ANSWER.

1. A TEA BAG IS PLACED IN A.LARgE POT FILLED WITH WARM WATER.
WHAT WILL BE OBSERVED IMMEDIATELY?'

A.

B.

C.

ALL-THE WATER IN THE POT WILL BECOME AN ORANGE COLOR,
THE COLOrt0 THE TEA.

ONLY THE WF4ER AROUND THE. TEA BAG WILL BECOME AN
ORANGE COL92.

,

WATER IN DIFFERENT PARTS OF THE POT WILL BECOME' AN
ORANGE COLO*:

-2. -AFTER A FEW MINI TES, WE WOULD EXPECT THAT:
7

ALL THE WATiR IN THE POT WILL BECOME
COLOR.

A.

,B.
(

ALL" THE WAT R 141.4.d., BE ORANGE BUT THE
WATER NEAR HE SIDESOF THE POT WILL

C. THE ORANGE OLOR WIL
SIDES OF T TEA POT

,*
THE-SAME ORANGE

*

COLOR OF THE
BE LESS.

,

BE OBSERVED ONLY NUTTO' THE
:

.t.

,*6t
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MINISEQUENCE Iv ASSESSMENTS

'7'

3. BOB BROUGHT SOME VERY SWEET SMELLING ROSES TO JAN. SHE
PUT THEM IN A ROOM AND THEN TOOK A NAP. JaEN SHE AWAKENED,
SHE SHOULD EXPECT THAT:

A. THE ODOR OF THE ROSES wouLa BE OBSERVED JUST AROUND
THE FLOWERS.

B.. THE ODOR OF THE ROSES
THROUGHOUT THE ROOM.

C. THE ODOR'OF THE ROSES
THE WINDOWS AND DOOR.

WOULD PROBABLY BE OBSERVED'

WOULD BE OBSERVED ONLY NEAR

a

PART 4

Page H

This last part appears on pages H, L and J.

THE FOLLOWING SETS OF PICTURES HAVE TO DO WITH SEQUENCES 6
CERTAIN EVENTS WHICH I SHALL DESCRIBE TO YOU. IN THE FIRST '

THREE 'SITUATIONS THE PICTURES REPRESENT PARTS OF A SEQUENCE
SHOWING WHAT WAS HAPPENING AT DIFFERENT TIMES. LOOK AT EACH
SITUATION AND MARK THEM.ACCORDING TO THE INSTRUCTIONS(I SHALL
GIVE Y6U: JURN'TO PAGEAH.

,

SEQUENCE I: THESE, PICTURES REPRESENT A 'BAG OF COLORED SOLUTION
AND SOME CLEAR WATER: PLACE AN A ON THE PICTURE WHICH SHOWS
WHAT MIGHT BE FIRST.IN THE SEQUENCE ANTS A Z ON THE PICTURE
WHICH SHOWS WHAT WOULD BEHAPPENING LASTIN,THE gEQUENCE:

66'
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MINISEQUENCE TV Asags.smgns

SEQUENCE II: THESE PICTORES'ALSO REPRESENT A ctEQUENCE OF
EVENTS WHEN A COLORED SOLUTION IS PILACED NEXT TO WATER BUT
SEPARATED BY WALLS OF A CELLOPHANE BAG TFIROUGH WHICH ALL THE
MOLECULES CAN' MOVE. AGAIN PLACE Alq ,CON THE PICTURE WHICH'
SHOWS WHAT MIGHT BE FIRST IN THE SEQUENCE AND A z-op THE
PICTURE WHICH SHOWS WHAT WOULD BE HAPPENING LAST IN THE SEQUENCE.

SEQUENCE III: CLEAR WATER AND A THICK SYR6 CONTAINING SUGAR
MOLECULES WERE POURED INTO THE SAME TEST TUBE THE X's'IN THE
PICTURE REPRESENT THE SUGAR MOLECULES. PLACE AN A ON THE
PICTURE WHICH REPRESENTS THE BEGINNING OF THE SEQUENCE,AND A
Z ON THAT PICTURE OF THE SEQUENCE AFTER THE MIXTURE HAD BEEN
STANDING. FOR A TIME.

r

Page I

X A

i` X

vl

NOW TURN'TO PAGE I. .

0

SEQUENCE IV: THE FOLLOWING GRAPHS REPRESENT A SERIES OF
TEMPERATURE MEASUREMENTS TAKEN, AT DIFFERENT POSIWONS ALONG
A METAL SPOON IS SITTING IN 20CUP_FILLED WITHAfRY HOT
CHOCOLATE. FIVE TEMPERATURE MEADS MENTS ARE MADA: *1 WAS
MA,* AZ A POSITION ON THE SPOON C OS ST TO THE HOT'LIQUID.
#5 rS MADE ON: THAT PART OF THE SP ON FARTHEST AWAYt'A'

,



MINISEQUENCE IV ASSESSMENTS

RECORDOF THE TEMPERATURES WAS MADE AND A GRAPH WAS CONSTRUCTED
TO SHOW HOW THE TEMPERATURES AT THE DIFFERENT POSITIONS ALONG
THE SPOON COMPARED WITH EACH OTHER.

I

a) PLACE AN'X UNDER THE GRAPH WHICH BEST REPRESENTS
.THE TEMPERATURES YOU WOULD EXPECT AT DIFFERENT
POSITIONS ALONG THE SPOON.

TURN TO PAGE LT:'
-

b) IF' ALIqiSHOULD DECIDE TO PICKUP THE SPOON,
WHAT POTION" SHOULD SHE PLACE HER FINGERS?

AT POSITIONP.

1 2 1 4

POSITION

B, AT POSITION #5

C. AT POSITION #3

g8
a.

t

AT

I.



MINISEQUENCE IV ASSESSMENTS

c. THE-TPOON IS TAKEN OUT OF THE HOT,CHOCPLATE AND
PLACED ON THE TABLE. AFTER ABOUT 20 MINUTES 'ALICE
MEASURES'THE,TEMPERATURE AT. THE SAME FIVE POSITIONS
ALONG THE METAL SPOON. 'ON: THE CHART BELOW PtAdE
DOTS TO SHOW WHAT A RECORD OF THE FIVE DIFFERENT
TEMPERATURES ALONG THE SPOON WOULD LOOK LIKE. THg
TEMPERATURE AT POSITION #3 IS ALREADY ENTERED.

1

I 1 2 3 4 5

POSkETION

.
4

/

4

*It
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Name: 'T).age A

SITUATION I: BETTY WAS INVESTIGATING A CERTAIN WHITE CRYSTALLINE
SOLID. SHE FOUND THAT IT WOULD MELT WHENEVER IT WAS PLACED NEXT'
TO A SURFACE WITH A TEMPERATURE OF 45°C. THE FOLLOWING GRAPHS
REPRESENT THE VOLUME TEMPERATURE PROPERTIES OF FOUR DIFFERENT PAIRS
OF WATER SAMPLES. I Pair #2

30

45

40

c) 35
0.04
.30

25

20

W.15
a.

w 10
E-(

5 I

0 4C

w .

3JJ

20

5C

1.2 1 2 3
8amp e Sdmple Mix

B
(MEASURES

Pair 43

'r 1

Sample
E

1 2
Sample

F
MEASURES

60'

50

4

-3 4i

1Sample 1/4-Sample

C
MEASURES

Pair 14

.2 3,004-41

Samplel 'Samplet

MEASURES
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Page ,:b

1. IN THE-BLANK SPACES
SAMPLE: ,i;

7;
1 :

, t' 4

PAIR iti }AMPLE, A SAMPLE B.
; . .

PAIR #2 SAMPLE C. SAMPLE D:i

PAIR #3 SAMPLE E. SAMPLE F. ...

BELOW ENTER THE'NUMBEWOF h.e.u.'s IN EACH

PAIR #4 SAMPLE G. SAMPLE H.' *

2. TO R HT bk EACH PAIR OF GRAPHS,CoNSTitCT A GRAPH WHICH.SHOWs'
THE VOLUME-T MPERATURE PROPERTIES OF THE MIX OBTAINED WHEN THE TWO
SAMPLES OF T ETAIR ARE POURED TOGETHER. NOTICE THAT, THE FIRST ONE .

IS ALREADY DONE FOR YOU. :

3. NOW LOOK AT THE GRAPHS OF THE PAIRS OF WATER SAMPLES (BEFORE THEY
WERE MIXED). WITH.YOUR PENCIL MARK THE h.e.u.'s ON THE GRAPH WHICH
ARE TRANSFERRED OUT FROM ONE OF THE SAMPLES IN EACH PAIR. NOTICE
THAT THE FIRST ONE IS ALREADY DONE FOR YOU. BELOW.

. *

I: 1 2 :1.2 3
Sample sample Mix

A _13

'MEASURES ,

a

41,
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4. BETTY FOUND THAT THE WHITE CRYSTALS MENTIONED EARLIER WOULD MELT
WHEN PLACEDNEXT TO SAMPLE F. WHICH OF THE OTHER SAMPLES CAN ALSO
MELT TqlE CRYSTALS? A, B, C, D, E OR G? CIRCLE THE LETTERS OF THE
SAMPLES.,

%IN

5. Tx p MIX MADE FROM SAMPLES E AND F COULD ALSO MELT,THE CRYSTALS.
THIS 'WOULD HAPPEN BECAUSE:

A. THE MIk'CONTAINS ALL THE h.e.u.'s OF EACH SAMPLE.

B. THE TEMPERATURE OF THV MIX WAS HIGH ENOUGH TO MELT THE
SOLID.

C. THE MIX CONTAINS SO MUCH MORE WATER THAN THE SEPARATE
SAMPLES.

0

6. IT WOULD BE EXPECTED THAT THE WHITE SOLID WOULD BE MELTED BY ALL
THE MIXES BECAUSE:

A. EACH SAMPLE MAKING up THE MIX COULD MELT THE SOLID.
, 0

B. 'THE MIX CONTAINS MANY MO TRAN,THE,ShPARA E SAMPLES.

\ ,

C. THE STATEMENT IS REALLY NOT TRUE.
r-

S

72

Ito

o

73
et..i 1 -a.



O

IV Page D

SITUATION II: MURIEL HAD A LARGE, CONTAINER WITH 10 MEASURES OF
WATER IN IT. THE TEMPERATURE OF THIS'SAMPLE WAS 10°C: SHE PLACED
INTO THIS LARGE SAMPLE OF WATER A SMALL STOPPERED TUBE CONTAINING
QNLY 1 MEASURE OF HOT TEA. THE TEMPERATURE OF THE TEA WAS.80°C,
HERE ARE SEVERAL STATEMENTS ABOUT THIS SITUATION. CIRCLE THE LETTER
OF THE RESPONSE WHICH/BEST COMPLETES EACH STATEMENT.

1. IF MURIEL CALCULATED THE HEAT ENERGY IN EACH SAMPLE BEFORE SHE
PLACED THE TUBEOF TEA IN THE- LARGE SAMPLE OF WATER, SHE WOULD FIND
THAT:

A., BOTH SAMPLES CONTAIN THE SAME AMOUNT OF.HEAT ENERGY.

B. THE SMALLER SAMPLE OF TEA CONTAINS MORE HEAT ENERGY THAN
THE LARGER SAMPLE OF WATER.

r

C. THE LARGER SAMPLE OF WATER CONTAINS MORE HEAT ENERGY THAN
THE SMALLER SAMPLE OF TEA.

,2. AFTER THE. TUBE WITH THE TEA WAS, SITTING IN THE WATER.rSAMFLE FOR
A FEW MINUTES MURIEL SHOULD EXPECT THAT:

4
B. HEAT ENERGY W044D BE TANSFEARED Qin OF THE LARGER SAMPLE.

C. THERE WOULD BE NO TRANSFER OF HEAT ENERGY FROM EITHER SAMPLE.

A. HEAT ENERGY WOULD BE TRANSFERRED OUT OF THE ,SMALLER SAMPLE.

3. AFTER THE TUBE WITH THE TEA WAS LEFT IN THE CONTAINER OF WATER
FOR ABOUT 10 MINUTES, MURIEL'DECIDED TO MEASURE THE TEMPE RE OF
EACH SAMPLE. SHE SHOULD EXPECT TO FIND THAT:

A. THE TEMPERATURE OF BOTH SAMPLES WOULD BE THE SAME.

B., THE TEMPERATURE OF THE SAMPLE OF TEA WOULD BE HIGHE THAN
,THE LARGER SAMPLE OF WATER.

' C. THE TEMPERATURE OF THE LARGER SAMPLE OF WAVER WOULD BE
HIGHER THAN/THE SMALLER SAMPLE OF TEA.

4. AFTER 10 M ES MURIEL WOULD NOITICg THAT:

A

I A. -THE E TEA COLOR HAD SPREAD THROUGHOUT THE LARGER
CONT R OF WATER.

B. THE ORANGE COLOR OF TIDE TEA HAD BECOME DARKER.

C. THERE WAS NO CHANGE IN THE COLOR OF THE LIQUID IN EITHER
'CONTAINER.

t,
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SITUATION III: D4RRE PUT' A METAL BICYCLE 'IN HIS ROOM. THE
TEMPERATURE OF THE RO M WAS 25°C. LATER WHEN HE TOUCHED THE METAL.
PARTS OF THE BICYCLE tT MADE HIS'HAND FEEL COOL. '11E7'KNEW THE

.

TEMPERATURE-OF HIS BODY WAS GENERALLY ABOUT37°C.

-

1. IN EXPLAINING WHY HIS HAND FELT COOL'WHEN HE TOUCHED THE B1ZE'
DARRLOLL REASONED THAT THIS WAS BECA1W, : .,.A

A. METALS ALWAYS FEEL COOL TO THE TOUCH.

B. THERE WAS A TRANSFER OF HEAT ENERGY FROM HIS HAND, TO
THE BIKE.

C. HEAT ENERGY ALWAYS TRANSFERS OUT OF A PERSON'S BODY.

2. IN THE SUMMERTIME HE STORED THE. .BIKE A CLOSED ROOM IN WHICH
THE TEMPERATURE WENT UP TO 40°C (THAT IS, 104° ON THE 'FAHRENHEIT
SCALE!). WHAT MIGHT DARRELL NOW EXPECT TO FEEL AS HE PICKED UP
HIS METAL BIKE?

A. IT WILL FEEL HOT SINCE ITS TEMPERATURE IS HIGHER THAN
DARRELL'S BODY TEMPERATURE.

B. IT WILL STILL ZEEL COOL TO THE TOUCH SINCE THE BIKE IS MADE
OF METAL.

C. IT WILL FEEL NEITHER COOL NOR HOT SINCE THE T
NORMALLY FRI IN THE ,SUMMERTIME.

RATURE IS

SITUATION IV: SUPPOSE THAT YOU HAVE 5 MEASURES OF ER AT 15°C Ip A
METAL CUP SUSPENDED IN A LARGE CONTAINER HOLDING 10 MEASURES OF WATER
AT,10°C. SOON HEAT ENERGY WILL BE TRANSFERRED FROM:

A. THE WATER OUTSIDE.TO THE WATER INSIDE THE CUP BECAUSE
THERE ARE FEWER h.e.u.'s IN THE WATER IN THE cup.

B. *INSIDE THE dtP TO THE 'OUTSIDE, BECAUSE' HEAT ENERGY
TRANSFERS FROM HIGH TEMPRATURE TO LOW TEMPERATURE.

C. IN NEITHER DIRECTION BECAUSE THERE IS NO DIRECT CON-
. TACT BETWEEN THE TWO SAMPLES OF WATER.

7.4

I.
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Name: ;age F

ERE. YOU WILL-FIN6'PAIRS OF STiTEMENTS. ONE OF THE STATEWTS IN tACH
AIR IS TRUE AND THE OTHER IS NOT TRUE. --: teTH STATEMENTS
SILENTLY TO YOURSELF WHILE I READ THEM ALOUD TO *U. .AFTER I HAMS
OAD BOTWSTATMENTS DRAW A CIRCLE AROUND WHE LET R OF THE STATEMENT
WHICH IS TRUE. '

. .

t

1. .A. HEAT tVERGY IS TRANSFtRRED ONLY FROM A ION OF LOW
-. TEMPERATURE

4
TO,A REGION OF HIGH TEMPE . URE.,

B. HEAT ENERGY IS TRANSFERRED ONLY ROM A RE ON OF HIGH
TEMPERATURR\TOA REGIONOF LOW MPERATU

2. WHEN TWO SAMPLES OF

A. THE HEAT ENERGY
ENERGIES OF THE

WATER ARE MIXE :

OF THE MIX IS THE SUM OF THE HEAT
TWO SAMPLES. "

r

B. THE TEMPERATURE OF THE MIX ISTHE SUM OF THE TEMPERATURE.
OF THE TWO SAMPLES.

3. WHEN A SAMPLE OF A SOLUBLE SNISTANCE 'IS PLACED IN CONTACT WITH
WATER, ITS MQLECULES:

A: SPREAD OUT UNTIL THEIR CONCENTR4TION IS THE SAME
THROUGHOUT ALL THE WATER, 'INCLUDING WHERE THEY WERE
ORIGINALLY PLACED. ,

B. SPREAD OUT INTO THE WATER AND CONCENTRATE IN REGIONS
AWAYAOM WHERE THE SAMPLE WAS FIRST PLACED.

d

4. A. A SAMPLE OF PURPLE COLORED GAS W L DIFFUSE THROUGHTHE
AIR' AND BECOME LIGHTER IN COLOR A IT DOES.

B. A SAMPLE& PURPLE COLORED GAS WILL DIFFUSE THROUGH THE,
AIR AND DARKEN AS IT DOES SO':,

s
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N.411): page G

)

1. A TEA BAG IS PLACED IN A LARGE POT FILLED WITH WARM WATER.
WHAT WILL BE OBSERVED IMMEDIATELY?

A. ALL THE WATER IN THE POT WILL BECOME AN ORANGE COLOR,
THE COLOR OF THE TEA.

in

B. ONLY THE WATER AROUND THE TEA,BAG WI1:1, BECOME AN ORANGE
COLOR. 114

. C. WATER IN DIFFERENT PARTS OF THE POT WILL BECOME AN
ORANGE COLOR.

/--//2. AFTER A FEW MINUTES,'WE WOULD EXPECT THAT:
ee

A. ALL THE WATER IN THE POT WItL BECOMi THE SAME ORANGE
COLOR.

B. ALL THE WATER WILL; BE ORANGE BUT THE COLOR OF THE
WATER NEAR THE SIDES OF THE POT WILL BE LESS.

C. THE ORANGE COLOR WILL BE OBSERVED ONLY NEXt TO THE
SIDES OF THE TEA POT. '

V,
3. BOB BROUpET SOME VERY SWEET7'§MELLING ROSES TO JAN. SHE PUT,
THEM IN A ROOM AND THEN TOOK AFNAP. WHEN SHE AOAKENED, SHE SHOULD
EXPECT THAT:

\ jA. THE ODOR OF THE ROSES WOULD BE OBSERVED JUST AROUND THE ,

FLOWERS. v
I..

,.,,_ \ ,

B. THE ODOR OF THE ROSES WOUJD PROBABLY BE OBSERVED
14,THROUT THE ROOM.

.
l '-e .

,

.C. THE ODOR OF Ti4 ItOSES'WOULD BE OBSERVED ONbY NEAR THE
WINDOWS 'AND DOOR.'

°
e

s'

9

e

-
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IV Name: Page H

SEQUENCE I: THESE PICTURES REPRESENT A BAG OF COLORED SOLUTION AND
SOME,CLEAR WATER. THE MOLECULES OF WATER AND OF DISSOLVED COLORED
SUBSTANCE CAN MOVE THROUGH ITS WALLS. -PLACE AN A ON THE PICTURE
IAIHICH SHOWS WHAT MIGHT. BE FIRST IN THE SEQUENCE AND A Z ON THE
PICTURE WHICH SHOWS. WHAT WOULD BE HAPPENING LAST IN THE SEQUENCE.

SEQUENCE II : THESE PICTURES ALSO REPRESENT A SEQUENCE_OF EVENTS-
WHEN A COLORED SOLUTION IS PLACED NEXT TO WATER BUT SEPARATED By
WALLS OF A CELLOPHANE BAG THROUGH WHICH L THE MOLECULES CAN MOVE.
AGAIN PLACE AN A ON THE PICTURE WHICH SH S WHAT MIGHT BE-FIRST IN
THE SEQUENCE AND A Z ON, THE PICTURE WHIG SHOWS WHAT WOtYLD BE
HAPPENING LAST IN THE SEQUENCE."

I

''(

. ,

SEQUENCE CLEAN WATER AND AfillicK SYRUP CONTAINING SUGAR MOLECULES
WERE POURED INTO Tti'SAME TEST TUBE. THE X's IN THE PICTURE REPRESENT
THE SUGAR MOLECULES.. PLACE A ON THE PICTURE WHICH REPRESENTS THE
BEGINNING ,OF THE SEQUENCE ANTA -Z ON, THAT PICTURE OF THE SEQUENCE AFTER
THE MIXTURE HAD BEEN STANpINg,FOR A TIME. ,

e
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IV Page I

SEQUENCE IV THE FOLLOWING GRAPHS REPRESENT A SERIES OF TEMPERATURE
MEASUREMEN1n TAKEN AT DIFFERENT POSITIONS ALONG A METAL SPOON THAT TS
SITTING 'IN. A CUP FILLED WUH VERY ,HOT CHOCOLATE. FIVE TEMPERATUREq
MEASUREMENTS ARE MADE: #Y WAS MADE 0 'A POSITION ON THE SPOON
CLOSEST TO THE HOT LIQUID. #5 WAS MADE ON THAT PART OF THE SPOON
FARTHEST AWAY: A RECORD OF THE. TEMPERATURES WA MADE AND A GRAPH
WAS CONSTRUCTED TO SHOW *HOW THt TEMPERATURES tT THE DIFFERENT POSITIONS
ALONG THE SP0011 COMPARED WITH- EACH 'OTHER. .

1 5

1

e
p

a.)PLACE AN X UN ER THE GRAPH WHICH BEST REPRESENTS THE .TEMPERATURES
YOU WOULD EXP CT AT DIFFERENT POStTteNS ALONG THE SPOON.

#1 2 4 5

_POSITiON

-TT-TS-7H

)

0,

# 1 2 3 4_ 5 # 1, 2 3

POSITION _ _ POSIT1014._ F

e 78
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IV I.

.417;

b. IF ALICE SHOULD DECIDE TO PICK UP THE SPOON, AT WHAT
POSITION SHOULD SHE-PLACE HEFT FINGERS?

C.

'AT POSITION #1
ow,

B. AT POSITION.#5
.

C. AT POSITION #3
4!!

V'

- \

Pc/4 J

49.

THE SPOON IS stAKEN OUT OF THE HOT CHOCOLATE AND PLACED
ON THE TABLE. AFTER ABOUT 20 MINUTES LICE MEASURES THE
TEMPERATURE AT,TRE.SAME FIVE POSITIONS ALONG THE METAL
SPOON. ON THE,CHART BELOWPLACE DOTS TO SHOW WHAT A
RECORD OF THE FIVE:DIFFERENT TEMPERATURES ALONG THE SPOON
WOULD LOOK' LIKE. THE TEMPERATURE AT POSITION #3 IS ALREADY
ENTERED. -16

5 9,

4
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Minisdquence V

Random Events: Order Out.of Disorder *41t4'

Screening Assessments

The concepts developed ib this sequence of Activities are as,
follows:

a. The outcome of a random event cannot be predicted with
'certainty. Examples of random events include movements

-'of indivldual molecules, radioactive diai grations,
tosses of a coin, etc.

b. The outcome of event is completely independent
, .of any prier, story. -

c. The outcome of a series' of randbm4e ents may exhibit a
sense of order and predictability; The lar4T the m-
ber,of random events in the collection, tbehigher the
degree of order and(predictability.

d. Games of chance which are based A random.events can be
used to skialatethe orderliness of'collections of random
events .

. :.

-e. A small sample of random events will xhibit great mari,
. t

ability as compaied with a larger sized sample; order will
emerge as the sample size increases. ,

, , .. .,
. ,

The.mov,ment of individual molecules within a liquidN(or
-,, gas) it vieweas random. The orderliness of a diffusing

colUmn.can be thought of as,the net = result of the randOm
i motion of an extremely large number of individual mole-

....cules. .

The transmission'of gendtic charactipris ice can a.lso be
viewed'as a result of random of charicetevents, ..

I

g.

80
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As in. all series of random 'even:ES ,._th
teristics oft, one *individza cannot be p
certainty; howaver, 'the distribution of s
in a *large- collection can be.pkedicted:.

P O .

. r .

4' ,
f .

Concepts a thrpirgh ,f
assessment. concept
bridge,between these'
Part 1. If desired,

.

'aref.bei tested, -izi the four -par
.4 of Mil uence -IV,. 11.i:Oh serve.
two Milisequ -noek;is*il.sp teestep. ,h, re .in
Pa-it I can be' adzilinistered a.ktek 'Ikdt.4... itY-

3,or all' arts, can be giveti wh'en'the'Actiii-ities, Mi_hi..se..
quence V have been 'compi.vied . '.Pmts .): ..ktya 2: pay.-ta 15. ntillu
each to administer; Prt- 3,.-3:0"-mi-ntes` azid.1%*r 2',-mi..ni.tge -,

. ., .

When you distribute the pagee to the children liave-them .'plab`e
their names in fhe. appropriate pla;cet." As zisu,a1,-:'Stigges;;Eed 4
instructions to be haa to the Class

"i"- of this.
as . a

es
ti

PART 1

, -

app-ear upper' case..

,

-Pages A, B, C an'dD"

Page AY'

Distribute
follows:

,

the "asses ment -pages ..apd. direct ti ch ldren.4;s4
f-

.
.

. .

, _
THE MAItERIAL -IN THTS AS.SgSSM:51IT ,Ii.EALSt-XF.,TH, THE ACTIVIT_IES.*E.:

HAVE JUST COMP.LETEIY. AM' bOING-.-T070ESORIBp. THREE SITUATIONS
TO YOU. EACH SITbATION W7LL 13,44';'FQ101405 ,Et-THE112':43.k SOME QUEg-

TIONS.- OR STATER:ENTS; THD *QUESTIONS &i:tE ANSWERE6-
FIAJING IN THE IBLANK SP-APS:6R' BY IND 1CAT:I.NG FitTJJER :YOU AGREE. -

OR DISAGREE -WITH A: STAT-EMENT41BOT TtlE I RE_ AD

ALOUD TO YOU THE DESCRIPTIOIsi OF:14AM* SITOATION AND. TH'E
iOU- ARE TO COMPLETE.; REAp.;.SILENTLy:WITH"ME...-: Y011 WILL GIVI;i

TO COMpLETE THE I7'EMS..".ABS5011,1441.1:,StTUATION' BEfORE I RENE)

THE NEXT QtiF. -TO YOU,. (YOU mairYwAls,h.:tif.5::.rePe:it ;,clesoi:415-1.6n4s".13:f
s'itu-ations gnd, the related items,`112.19 helpfulf to .

, '. children: All,cnri-libut 36 -.se;aonde',,,,f7Or"-_ea,c-h. ii.enz t4:5.4be.,?...nompc.1.,et&5 )1 <4;-'.
.. , . ,..s.- -,.. . 1:

.. I 4 ..' e'- '- -{,:4,.,
..- : '-;. -... t

4 -. A,:HERE IS -.THE FIRST- SITUATION: .ON: PAGE .

/, or IA* ;
.

SI VATION I: DARRELL- VISITED. A.,SCIENCf-CLASS AND OBSEAVETh,
1-

-1- . .,
5. 7 .. .

.4. ..

.:''< 1.-s. ;.-',
.... . fr.,-

THREE, TEST TUBES-TO WHICH .BLUE POOD:: cotorknic . HAD BEEN ADDEDir--. 1.- , .*.
..,.

THEY -LOOKED LIKE THE DIAGRAMS-.BEL ,, THE;:ir.5QT"S":-.5i1Q

BLUE FOOD COLORING WAS _SEEN. i-- ": , . 1!.'.:: .-- ,:. ,./..., .... . .-. . I . , ' ,

1 WHICH .TUBE- PROBABLY .*HAD BEEN STANPING 211e.1,0NOS`1.1... TT E, ,.

.,



MINISEQUENCE V ASSESSMENTS

2. :WHICH TUBE WAS THE T.IGHTET BLUE COLOR?
O

HERE IS THE SECOND SITUATION.

SITUATION
e
II: JAN HAD A SMALL FIJI BOWL SHAPED LIKE A BALL.

SHE FILLED IT' ALMOST TO THE TOP WIITH LIQUID GELATIN. BEFORE
THE GELATIN IN THE BOWL SET, JAN PLACED SOME RED poop, CO,p0RING
AT THE BOTTOM OF THE BOWL. AFTER THE:GELATINHAD SET SHE PLACED ,

SOME BLUE COLORINQ ON TOP OF THE GELATIN, THE BOWL LOOKED LIKE
THAT' SHOWN BLOW IN 'FIGURE D. ,

06

NOW TURN TO PAGE B BUT KEEP PAGE.A IN'TRONT OF YOU. YOU WILE
NEED FIGURES D AND 'E FOR' SOME QUESTIONS ABOUT SITUATION II.

Page B

IN FIGURE'D,
0 REPRESENTS WHERE RED IS SEEN.

REPRESENTS WHERE BLUE 1$ SEEN.
t . .

J 1

1.; TN FIGURE E, SKETCH WHAT THE BOWL'WOULD LOOK LIKEt'AFTER
SEVERAL WEEKS.,, 6RENEMBER THAt4 STANDS, FOR BLUE AND b STANDS
FOR RED. . c

, 4.,

.

2. WHAT WOULD BE THE ,COLOR NEAR. THE TOP?
,

-.

3. WHAT WOULD BE THE COLOR NEAR THE MIDDLE?

.. . k..1
SIN ,FRONT OF EACH' OF THE .,ODLIJOWIMSTAT,MErS)AIODUt THE MOLECULES
OF FOOD COLORING IN THE tin BOWL, CIRCLE }THE Y FORIFS'IF YOU

_AGREE; CIRCLE THE N, FOR N0, IF you MO'NOT-AdREE:
J

. .
Y, .N % 4.. ALL-THE MOLECULES OF "THE RED COLORING MOVED TO THE'

tOP, AND THEN SOME SANK DOWN DUO° GRAVITY.
/

, > A

° 5. ONLY.THE MOLECULES OF THE RED.FOOD COLORING IN THE .

,TOP .LAYER MOVED UPC THE OTHERS;DIDN'T MO

. ;

6. ALL M ECUES OF BOTH FOOD COLORS 1010VED IN A
D IREC ONS. ,

A,

ti

Y ICI 7. TH414E WHICH HIT THE BOWL?EiTHER.STOPPED OR MOVED
BACK INTO THE GELATIN AGAIN.

82
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PaNinQuENU v ASSUSNIFTV$.:

N 8. THE DIFFERENCE IN SHADES" OF COLOR SHOW MOLECULES
MOVED FROM LOW CONCENTRATION TO HIGH CONCENTRATION
REGIONS..

.-Y N 9. ALTHOUGH MOLECULES 'MOVED RAND6MLY IN ALL DIRECTiuNSti
THE OVERALL RESULT IS PREDIdTABLE.

Page C

Have the children turn to page C.

4.

S.

SITUATION III: SIX. CHILDREN (DAVID, GENE 'PETER, JANE, PAULINE
AND HENRY) DECIDED TO HAVE A CONTEST TO E WHICH ONE COULD GET
TO A SPACE,, MARKED GOAL, FIRST, AS SHOWN FIGURE F. THE RULE
OF THE GAME IS THAT THE RESULT OF SPINNING T E POINTER OF A
SPINNER, AS SHOWN IN FIGURE G, DECIDES, EACH,-MOVB. ANOTHER RULE
OF THE GAME IS THAT MOVES CAN ONLYtE MADE FROM,ONE SMALL CIRCLE
TO ANOTHER ON THE GRID /IF As PLAYER CANNOT MAKE4THE MOVE SHOWN,
(BECAUSE, THE MOVE WOULD TAKE HIM OF? \THE GRID) RE LOSES HIS
7CRN, AND STAYS WHERE HE IS' UNTIL HIS'tEXT TURN.

tt-

iJ
Yy

a

FIGURE

THE 'GAME GRID

rG62.kt-77-7-7-7

IIV

/IL

'-.1.

,

r IV

ill

ilk

Ab

e

4
AliV V

lb
%V

E I.

TT)

IIgI

Ili

NI

1iI IN ,1

4;

NR
ART)

PETER
PAy14-Mt
(sWT).

tt

FIGURE.G

THE SPiNNEA

,
. 4
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MINISEQUENCE V,A$SE$$MENTS
yie

DAVID'S FIRST TWO MOVES WERE LWAND F,. (LEFT AND FORWARD)
GENE'S FIRST TWO MOTES WERE BOTH F'S. PETER MOVED F\AND
(RIGHT). ITANE, PAULINE AND HENRY ALSO TOOK THEIR TURNg./-A
B ON THE SPINNER WOULD MOVE SOMEONE BACKWARDS.

1. PLACE A D, G, AND P ON THE GAME66RID TO SHOW WHERE DAV*
GENE,ANp PETERARE AFTER THEIR SECOND TURNS.

FtiR EACH OF THE'FOLLOWING STATEMENTS: CIRCLE THE Y IF YOU AGREE
WITH THE STATEMENT, CIRCLE THEN IF YOU DO NOT AGREE; CIRCLE
THE C IF YOU CAN'T TELL.

N,
t

C '2. AT THE BEGINNING, PETER AND PAULINE HAVE A '
BETTER CHANCE hECAUSE THEIR PATH'IS STRAIGHT-'
TO THE GOAL.

1

Y,I N, C ALTHOUGH HE'S HAD 2 F'S' IN A ROW, HAS (
THE SAME CHANCE OF. GETTING AN-P' 4S PETER DOES
ON THE THIRD'SPIN.'

TORN TO PAGE D.

N, C 4: THE CHANCE (PROBABILITY)

40I:THE

.BEGINNING IS GREATER
FOR GENE. I

N,. C,1.5. THE CHANCE ( PROBABILITY)
, THE. BEGINNING IS GREATER
.GENE.

N,

Y,

84

OF LOSING
F0t,DAVID

LO§ING
FOR. PETER

A TURN AT
THAN IT IS
0

A TURN AT
THAN FOR

, -:
° . N.k. 1

6. THE CHANCE (PROBABILITy)NOFLOSING g TURN qN;
° 'THE THIRD TURN IS,GREATER FOR PETER THAN FOR

DAVID. y r/7_ ,

'C 7. AFTER THE'SIX CHILDREN,HAD EACH TAKEN FIVE'
TURNS,'GENE WAS CLOSEST TO THE GOAL.

8. THE MODE TURNS THE QpILDREN.TAKE7 THE MORE ,
VLIKELY IT IS1 THAT THEY WILL EVEN& SPACED'

OUT ON THE GRID..
,

C' 9; THIS GAM? IS 'AN EXAMPLE OF THE SAME KIND' OF
MOVEMENT WEtELIEVE:MOLECULES MAKE.

e01
Air

0
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kINISEQUENCE V ASSESSMENTS(

0\iPagesE, F and G.

Handout pages E, F and 9 to the children.

, Page IF

Now lAM GOING 0 DESCRIDE7ANOTHER SITUATION.TO YOU. AS USUAL
THII* ABOUT .IT CA FULLY. 'AFTER I DESC BE, IT TO -YOU, AND YOU -

Rh 'ABOUT IT SILENTLY WITH ME, YOU W/ HA TIME TO DEIDE
WHE ER YOU AGREE OINOT WITH STATEMEN S AIWUT THIS SITUATION
WHIM ISHALL READ' ,YOU. (Allow "about 30%% seconds 'for they
ChilAren,to decide about each statement.)

MATHEMATICSIN MATHEMATICS,CLASS MORRIS AND RITA 14E,RE
PLAtTNG A N6MBER-SUMS GAME._ THEY USED- A
-SIDED BLOCK FOR THE GAME AS SHOWN TO THE

RIGAT. EACH FACE, IS IN' THE SHAPE OF 'A
TRIANGLE. THE SIDES OF EACH TRIANGLE AliE-
ALI4EQUAL AND ALL FOUR TRIWTAS ARE THE
'S SIZE...-,EACH FACE OF THE pLocic-Is . ,

LAB "LED WITH A'DIFFERENT NUMBER. ,THE.

SID .WITH THE 3 AND 4.ARE BIDDEN FROM ,

VIE THE ARROWS POINT TO THE (HAVE:
'YpiY-QUESTIONS.ABOUT THIS JECTn,--,
MORRIS AND RITA-400K TURNSIBR W LTG THE
BAOCk. 4'EACHPLAXER MADE TWO THild OF THE
BLO AND-KEI4 A.RECOAD OF THE NU
ON' HE FACE ON itICHTHE BLOCK LANDED.
AFT THE TW T
HIS SCORE - -TRATI$, ADDED UP TH NUMBERS

Ik OOWS'EACH PlAYER DDED

ON HE FACES ON WBICH, THYBLOCK N.t1ED.r

e

.

4

ALLIPOSSIBLE SUMS FOR TW
IN ;THE GRID. ,-

. .

THROWS ARE11.1.

, 1 2 3

'SUM 1AS frOU CAN

s

MORRIS BETS THE PAIR (3,11 FOR IsTIGH THE .

EAROM THE GRID, TS
AS



NOW, READ EACH
THE STATEMENT,
CIRCLE THE N FO
THAT THERE ARE

°

mINIu.QuENcF V SSESSMENTS

r O

OF THE FOLLOWING STATEMENTS. IF YOU AGREE WITH
CIRCLE THE Y FOR YES; IF YOU DO NOT AGREE%,
R NO; IF, YOU CAN'T TELL,CIRCLE THE C. REMEMBER
TWO THROWS FOR TURN.

p-
Y, N, C RITA HAS A BETTER THAN EVEN:CHANCE pF WINNING

ON, HER TURN.'

Y, .N, C 2. THE CHANCE OF RITA GETTING A'41 IS LESS BECAUSE
MORRIS ALREADY GOT A 4.

4 , .. 4

Y, N, c 3. RITA SHOULD EXPECT A 5 MORE THAN ANY OTHER SUM.

Y,.. N, C 4. IF RITA WINS THIS -TURN-, MORRIS SHOULD4IN THE
NEXT ONE.

. , Y, N, -C °5. THE SUMS OF TW9
A TOTAL OF 'SIX S
OF SIX TURNS, EAC
AT,LEAST ONCE.

TURN TO PAGE F.

.Y, Nei C'

Y, N, C

ROWS RANGE FROM 2 THROUGH 8,.
ARATE VALUES. IN'ASUIES,,-
VALUE WOULD HAVE TO'OCCUR

MORRIS SHOULD EXPECT TO GET' A SUM,GREATER THAN
. '4 ON Fas, NEXT,

: r I ,
,.. ,).

MORRIS MOULD EXPECT TO GET A SUM LESS'THAN h.
.

ON HIS NEXT TURN.

MORRIS AND RITA PLAYED' FOR A LONGIT E AND 'KEPT' TALLIES OF
THE SUMS THEY GOT' AND WHO WON ON, EAC TURN: 3 4

,
-

Y, N,

.

C. 8. .IN A LONG SERIES OFN RNS,,MORRIS AND RITA
SHOULD ACH WIN ABOUT AN EQUAT, NUMBER OF TURNS.

, ' . '
\ 4.

Y, N, 'C 9. IN A L NG SERIES OF.TURNS,'THERE SHOULD BE
ABOUT TWICE AS MANY 5's'AS THERE .3 1.E'7's.

4*. .

Y , N.,,

.

.10. AS A E E A L 121:3LE,. ,TI4E MORE TU,RNS THERE ARE,
THE d 4aigrt. is THE ANCE OF GETTING AN EXTREME
,VAL , SUCH AS 4 2'0k. AN 8 .

)
.. . eli

Th children wil. now haveiro look at the tallies an'.. histograms
on page G,a'sth mark their choices for statements ;11,' 12 -and
13. TURN' TO PAGE G BUT. KEEP PAGE F IN FRoNT:a7: you Argi5,-.4.,

. :
--------.-

4

.

92, . , 4 '
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MINISEQUENCE V ASSESSMENTS

e -7

Y, C 11. AFTER,10 TURNS, THE TALLY OF SUMS FOR MORRIS".
DATA, AND THE HISTOGRAM OF THEeSUMS, LOOKED

_.....LZKE--,THE FIGURE MARKED M. ArTA'S TALLY OF HER
DATA AND ITS HISTOGRAM IS MORE LIKELY TO LOOK
LIKE .THAT MARKED A THAN-THE ONE MARKED B.

Y, N, C- 12---AFTER 100 TURNS, BOTH TAI1LIES, AND HISTOGRAMS
? - OF THE DATA, OBTAINED BY' MORRIS AND RITA SHOULD

BE ALMOST IDENTICAL. ,

13.,IF MORRIS AND,RITA*STARTED+NEW TALLIES AFTER
COMPLETING THEIR 100th TURN, AND MORRIS' DATA
FOR HIS NEXT TEN TURNS PRODUCED. A TALLY LIKE
THAT IN FIGURE M. RITA'S TALLY OR HER 101st
TO 110th TURNS WOULD LOOK MORE LIKE _A THAN B.

FIGURE M .

bz
0

FIGURE-13,

'93

HISTOGtAMe

,X. I

X x x,
X X XXX
2 3 4 5 6 7 8

. .

\HISTOGRAM

x.
X X X
x x

X x x
° 4 5 6 7 8

/,

HISOGRAM

. .x x
x x

xx xx x x'
c=4

2 3

e

7 8

0

8.7



MINISEQUENCE V ASSESSMENTS A.

PAllif 3

PagftwH? I and J.

Be sure the children have pages H, I and J for this pArt of theassessment.. )

IIAM GOING TO DESCRIBE ANOTHER SITUATION NOW. AFTER I DESCRIBEIT[ WILL BE SOME STATEMENTS TCrEE COMPLETED OR QUESTIONS,.
TO BE ANSWERED. THIS TIME EACH STATEMENT OR QUESTION IS
FOLLOWED BY THREE OSSIBLE ANSWERS OR COMPLETIONS. AS I READ
THEM TO p0,-:SELECTTHE'ONE WHIC1 ANSWERS OR

T'STATEMENBEST AND DRAW.A,CIRCLEf4ROUND LSTTER., (Allow the
'children about 40 (seconds to complete each item)

ONE CLOUDY SUMMRDAYT-JANV-LOIS AND PHIL WERLAYING IN AN
OPEN FIELD IN THE RARK; IT STARTED TW"RA'IN. AT FIRST PHIL
FELT A,Fg SPRINKLES. THEN LOIS SAWA-RATNDROP LAND ON A LEAF.
LATER, ASTER THE CHILDREN HAD FOUND SAFE SHELTER, THE RAIN
SHOWER TURNED INTO A VIOLENT 1rHUNDERSTORM. LASTING ABOUT ONE

. .HOUR. .

THE FOLLOWING ARE STATEMENTS ABOUT HQW THE RAINDEOPS FELL. YOU-
WILL FIND IT HELPFUL TO RECALL WHAT YOU LEARNED ABOUT THE
GEIGER COUNTER'S RECORD OF EVENTS. COMPLETE' EACH STATEMENT,

&Y CIRCLING THE LETTER OF YOUR CHOICE!

1. THE FIRST DROPS FELL ON PHIL:

A: (BECAUE HE WAS 1ARGER THAN THE GIRLS.

B. .BY CHANCE..

C.,FOR SOME OTHER REASON:

t ,
2. .JAN THOUGHT OF THE FIELDeAS 6.1V7DEDINTO SQUARES, ONE
METER ON EACH .SIDE. THE RAft .ZiT-WieCA THE RAINDROPS 'FELL,INTO

,'SQUARE WOULD B :

A. THE SAME AS FOR'ALL THEGOTHER SQUARES. ,.

'.... . I
i

,

B. GREATER ,&R THOSE SQUS IN THE WESTERN PART OF THE
PARK THAN FOR THOSE IN HE EASTERN. %

4
C. DIEFERENT THAN MOST-0F, THE OTHER SQUARES.

.
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MINISEQUENCE'V ASSESSMENTS

3. TO GET A GOOD MEASURE OF THE AVERAGE OF HOW MUCH RAIN
WOULD FALL )

THE FIELD, O. DEVICE CALLED A RAIN GAUGE SHOULD'
BE PLACED:

A. UNDER 'A DRAIN FROM THE ROOF OF THE'SHELTBR HOUSE.

B. IN THE CENTER OF THE OPEN.FIELDe

C./ IN THAT SQUARE WHICH HAD THEY AVERAGE AMOUNT OF
RAINFALL IIrTnE LAST.STORM.

,,

4; LOIS WANTED TOAKNOW HOW MUCH RAIRTgLL ,N EACH SQUARE FOR
EACH MINUTE. -SHE FAD FOUND ,OUT HOW TO DO THIS FROM THE
NATIONAL WEATHER SERVICE', AND SO SHE MADE THE MEASUREMENTS
'DURING THIS,STORM. .WHEN SHE ANALYZEIYTHE RESULTS OF THE
-MEASUREMENTS SHE FOUND THAT IN THE FIRST 15 MINUTES OF THE
STORM i WHICH WASVERY'BLUSTERAND VIOLENT BEFORE IT MOVED TO
ANOTHER AREA, THE AMOUNT OF RAIN FALLING PER.MINUTE WAS:

A. ALLARY SMALL IN EVERY SQUARE.

B. BOTH SMALL ``AND LARGE IN MOST OF THE SQUARES.
0

/ G. VERY.LARGEla ALL THE-SQUARp.

Page ,I. .

,
5. THE AMOUNT OFAAIN/ALLING PER MINUTE MEASURED ON ONE

TURN TO PAGE I.

RAIN G4pGE IN THE PEN ^gm FOR THEMITIRE DURATION OF THE'
t STORM (ONE HO

A. INCREASING

,

WAS:
.

REGULARLY AND 'THEM DECREASING,RESULARLY.
-

. B:- GENERALLY LARGER DURING THE MIDDLE OF THE STORM BUT,
EVEN THEN, ,IN SOME MINUTES VERY SMALL AMOUNTS WERE
RECORDED. "'i -

..

- '
.

C. iN 'EXACTLY 'THE SAME FATTERN AS WOULD HAVE BEEN ,.

.

MEASURED AND RECORDED IN ANY OTHER PART OF THE FIELD*.
.

.. ,P

6./:IF.TEN RAINS GAUGES WERE PUT IN WIDELY SEPARATED OPEN
AREAS IN THE FIELDDURING THE RAIN STORM, WHICH OF THE

/FOLLOWING STATEMENTS WOULD BE TRUE `ABOUT THE AMOUNTS OF,
'RAINFALL-RECORDEW,k,

-'CIRCLE THE1 Y FOR 'YES; CIRCLE THE N FOR NO.
1

1

bt

imb
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MINISEQUENd'V ASSESSMENTS
2

al*

Y N A. EACH,AkEh WILL RECORD THE SAME TOTAL AMOUNT EQR
THE 60 MINUTE (ONE-HOUR) PERIOD OF THE'STORM

Y N *B. THE PATTERNS og HEAVY AND LIGHTRAINFALL WOULD BE
IDENTICAL AT EACH GAUGE

4

THE DIFFERENCE S, OR VARIATIONS (VARIABILITY),
.AMOUNTS'OF RAINFALL PER MINUTE ATA PARTICULAR
.(SAUGE *WOULD BE 'GREATER THAN THE.DIFFERENCES BETWEE
THE'AVERABE AMOUNTS RECORDED FOR EACH MINUTE BY
ALL THE°G,AbGESI:

.

N C.

'

TURN TO PAGE aiBUT KEEPIN MIND QUESTION 6 WHICH YOU HAVE JUST
--,ANSWERtD.

!
-

,.: .

.

.
. 'Il

Page J
4,

,1 .. I
. .

i . -..0:' ,

7. BAS, GRAPHS WERt MADE TO allow THE'AMOUNTS-OF RAINFALL
MEASURED BY EACH -OF THE TEN RAIN GAUGES REFERRED TO IN QUESTION'
6 ABOVE. DATA WERE TAKEN EVERY 5 MINUTES. -IV-BAR GRAPH'WAS
ALSO MADE OF ,THE AVERAGE AMOUNT OF RAINFALL-REISTERED BY THE
TEM.RAIN GAUGES DURING THE 60- MINUTE PERIOD OF THE STORM.'
THE SOLIDrLINE'GRAPHIS,IN BOTH FIGURES H AND I BELOW SHOW THE '

AMOUNT OF RAINFALL AVERAGED FROM AIL TEN,GAUGE. Egli HAS.A. at

DOTTED\LINE GRAPH 'owl uPoN IT 114 SHOW AMOUNTS .OF, RAINFALL
THAT MAY HAVE BEEN MEAtURED BYONLY A. SINGE GAUGE: WHICH
ONE OF THE. SETS OF GRAPHSAUGURE H OR* If) 140ST`LIKELY, , .

REPRESENTS WHAT WAS ACTUALLY MEASURED BY A GAUGE .IN THEFELD?.:t. ;.a

WRITE YOUR ANSWER ON TV.I21.:IN*. e I ilk , .

r 1

WHY DID YOU

1

ELEGT THAT i*URO.."' ..

),

% - ';7:. .

I''

PART 4

Pages K and S.
o . ,

'Tistributepages,K and 1.-te the children:

q' t.te

-

THE FOLLOWING SE'S OF ` PICTURES HAVVTO DO WITH SEQUENCES OF
.CERTALN EVE TS WHICHI SHALL DESCRIBE-TO YOU. THE PICTURES
REPRESENT PARTS OF A SEQUENCE SHQWING WHAT-WAS HAPPENING AT
-DIFFEREgT TIMES":..-LOOK ATEACH.SITUAT4IN AND MARKTHEM ACCORD-.
ING TO THE INSTRUCTIONS IA SHALL GrVE,YOU. k

47?;\
1

LQOK A. WE *
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MINISEQUENCE V ASSESSMENTS'

.SEQUENCE I: HERE IS4A PICTURE OF HOW SOME BLACK AND WHITE
MARBLES WERE ARRANGED IN A DISH.

4

THE DISH WAS THEN PLACED ON A TABLE WHICH WAS SHAKItiG. AS A
RESULT OF THE SHADING OF THE TABLE THE MARBLES MOVED AROUND IN
tHEADISH. PLACE A Z ON THAT PICTURE WHICH SNOWS !HE ARRANGE-
MENT OF THE MARBLES AFTER,THEY HAD BEEN SHAKING FOI2 A CONSIDER-
ABLE LENGTH OF TIME; PLACE AN .M ON THAT PICTURE WHICH SHOWS'THE
MOST LIKELY ARRANGEMENT AFTER ABOUT HALF THE LENGTI OF TIME OF
SHAKING. KEEP IN MIND THE INITIAL ARRANGEMENTIOP MARBLES BE-
FORE SHARKING .

f

NOW TURN TO PAGE L.

4

.
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MINISEQUENCE: V- ASSESSMENTS

Rage L

'HERE IS THE SECOND SEQUENCE.

SEQUENCE II: THE DOTS IN THESE PICTURES REPRESENT SOME BLUE
VITRIOL MOLECULES. THE CLEAR PORTION REPRESENTS W2TER. 'THIS

;SYSTEM IS ALLOWED TO STAND FOR SEVERAL DAYS. MARK THAT PICTURE
WHICH SKOWS.THE SITUATION EARLY IN THE SEQUENCE WITH AN A AND
MARK A Z ON THE'PICTURE WHICH SHOWS THE SITUATION AFTER A LONG
PERIOD OF TIME.

9.2

;
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V Name: Page A'

SITUATION I: DARRELL VISITED A SCIENCE CLASS AND OpSERVED THREE TEST 1

TUBES TO WHICH BLUE FOOD COLORING HAD BEEN ADDED,. THEY ]OOKED LIKE THE
DIAGRAMS

/
BELOW. *THE DOTS SHOW WHERE THE BLUE-FOOD COLORING WAS SEEN,

.

k/

TUBE A

0

*Jr

TUBE B aT TUBE C

WHICH TUBE yROBABLY HAD BEEN STANDING THE LONGEST TIME

-WHICIPTUBE WAS THE LIGHTEST BLUE COLOR?

SITUATION II: JAN HAD A SMALL FISH BOWL SHAPED LIRE ABALL. SHE

FILLED IT ALMOST TO THE TOP WITH LIQUID GELATIN. BEFV'RE THE GELATIN

OWL SET, JAN'PLACED SOME RED FOOD COLORING Al TpEBOTTOM OF'
iTHE BOWL. AFTER THE GELATIN HAD SETT .stix PIKED SOME BLUE COLORING ON

'TOP OF"THE GELATIN. THE BOWL LOOKED LIKE /rH T SHO BELOW IN FIGURE D.

I r

FIGURE :E

9 3.
ti

r,
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IN FIGURE D:
Q REPRESENTS, WHERE RED IS SEEN. I .

REPRESENTS WHERE BLUE) IS SEEN.

Pagel

1. INAFIGURE E, SKETcH.WHAT THE BOWL WOULD LOOK LIKE AFTER SEVERAL
WEEKS. REMEMBER THAT STANDS FOR BLUE AND 0 STANDS FOR RED.,

WHAT WOULD BE THE COLOR NEAR 'THE TOP?

.. WHAT WOULD BE THE ,COLOR NEAR THE MIDDLE?
.

;

ogl

IN FRONT OF EACH OF THE FOLLOWINGSTATEMENTS ABOUT THE MOH CULES OF,
FOOD COLORING IN THE FISH BOWL, CI.RCLE. THE Y. FOR YES IF YOU AGREE;
CIRCLE THE N, FOR NO, IF YOU DO NOT AGREE.

Y N ALL THE MOLECULES OF THE RED FOOD COLORING MOVED TO THE
TOP, AND THEN SOME SANK DOWN DUE TO GRAVITY.

/

'94

N 5. ONLY THE MOLEcULEOF fiHE RED FOOD COLORING IN THE TOP
LAYER MOVED UP; THE OTHERS DIDN'T M VE. 1

N 6. ,PA4 MOLECULES Of BOTH FOOD ,COLORS MO ED IN ALL DIRECTIONS.

/ .

7. THOSE wnipli HIT THE BOWL EITHER STpPPED OR MOVED BACK
. INTO THE GELATIN AGAIN.-

.

ti,
. .

. '4'

B. ,TItE-DIFFERENCEr IN SHADES OF COLOR SHOW MOLECULES MOVED
4hom LOW CONCENTRATION TO HIGH CONCENTRATION.REGIEWQ:

9. sTliouck MOLECULES MOVED RANDOMLY IN ALL DIRECTIONS,
.THE'OVERALL RESULT IS PREDICTABLE.

1

.100
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SITUATION III: SIX CHILDREN (DAVID, GENE, PETER, JANE, PAULINE AND
HENRY) DECIDED TO HAVE A CONTEST TO SEE WHICH ONE COULD GET TO A SPACE,
MARKED GOAL, FIRST, AS SHOWN,IN FIGURE F. THE RULE OF THE GAME IS
THAT THE RESULT OF SPINNING THE POINTER OF A SPINNER, AS SHOWN IN

FIGURE G, DECIDES EACH MOVE. ANOTHER RULE OF THE GAME IS THAT MOVES CAN

OILY BE MADE FROM ONE SMALL CIRCLE TO, ANOTHER ON THE GRID. IF A PLAYER.

AN NOT MAKE 'HE MOVE SHOWN, (BECAUSE THE MOVE WOULD tAKE HIM OFF THE

RID) HE LOSES HIS TURN, AND ,STAYS WHERE HE IS UNTIL HIS NEXT TURN.

FIGURE 'F GOAL

GENE"
JANE

DAVID
ANE HENRY
(START) (START)

THE GAME PETER

GRID PAULINE (TART)

DAVID'S FIRST TWO MOVES WERE L AND F,
TWO MOVES WERE BOTH F'S. PETER MONAD
AM:2 'HENRY ALSO TOOK THEIR TURNS, A B

/111NE BACKWARDS.

FIGURE G

THE SPINNER

(LEFT AND FORWARD). GENE'S FIRST
F AN p R (RIGHT). JANE, PAULINE
ON THE SPINNER WOULD MOVE SOME-

1. PLACE A D, G; AND P ON THE GAME GRID TO SHOW WHERE DAVID, GENE

AND PETER ARE AFTER THEIR SECOND TURNS.

FOR EACH OF THE FOLLOWING STATEMENTS: CIRCLE THE Y IF YOU AGREE WITH

THE STATEMENT; CIRCLE THE P IP-you J30 NOT AGREE; CIRCLE THE C IF YOU

CAN'T TELL.

Y, N, C 2. AT THE BEGINNING, PETER AND PAULINE HAVE A BETTER
.CHANCE BECAUSE THEIR PATH IS STRAIGHT TO THE GOAL.

Y, N, C. 3. ALTHOUGH HE'S HAD 2 F'S IN A ROW, GENE'HAS,THE SAM
CHANCE OF GETTING AN F AS PETER DOES ON THE THIRD/SPIN. k

101
4
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V Pip D

N; C 4.15.THE CHANCE (PROBABILITY) OF LOSING A TURN, AT TVE
'BEGINNING 1S GREATER FOR DAVID THAN T' IS FOR GENE.'

Y, N,' C 5. TUE CHANCE (PROBABILITY) OF LOSING A TU N,,AT THE
BEGINNING IS GREATER FOR PETER THAN.FOR) GENE.

N, C- 6. THE CHANCE (PROBABILITY)'OF LOSING A TURN ON'THE THIRD
TURN IS GREATER FOR PETER THAN FOR DAVID.

Y, N, C 7., AFTER. HE SIX I6ILDREN HAD EACH TAKEN FIVE TURNS, GENE,
WAS CLOSEST TO-THE GOAL.

8. THE MORE TURNS THE CHILDREN' TAKE, THE_MORE LIKELY IT

t

IS THATTHEY WILT, BE EVENLY SPACED OUT ON THE GRID.

I .

Y, N, C . 9. THIS GAME IS AN EXAMPLE OF THE SAME KIND .OF MOVEMENT'
WE BELIEVE MOLECULES MAKE.

t

4,

' #7,

er

'
4.

t

c

t.

1
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. Name: Page r
# , ,

TN P; .M/kTHEMATICS `CLASS MORRIS -AND RITA WERE PLAYING A
NUMBER-SUMS diME., THEY SED A'4-SIDED BLOCK'FOR THE
GAME' AS SHOWN :'TO THE' RIGHT. EACH FACE IS IN THE --

SHAPE.OEA TRIANGLE: THE SIDES OF EACH TRIANGLE ARE
ALL 'EQUAL; AND ALL. FOUR iiitIANGLES ARE THE SAME SIZE.
EACH .FACE OF,.THfBLOCK*IS LABELLER WITH A DIFFERENT
NUMB R. ThE,SIOES,WITH -THE 3. AND 4'ARE HIDDEN .FROM
VIEW: 'THE'ARROWS POINT TO THEM,; (HAVE YOU ANY
QUES#OAS'A UT THI$OBJECT?) MORRIS AND RITA TOOK
TURNS THROWT G tHE BLOCK. EACH PLAYER MADE TWO THROWS
OF. THE BLOCK AND KEPT A RECORD OF THE DUMBER ON THE
FACE ON WHICH 'THE BLOCK LANDED. AFTER THE TWO;THROWS
EACH Eq,JAYER ADDED UP HIS SCORETHAT IS, ADDED UP'
THE NUMBERS ON THE FACES 'ON WHICH ,THE BLOCK LANDED.
ALL POSSIBLE SUMS FOR ITWO THROWS ARE LISTED IN THE GRID..

4-

c I

THROW #1

1' 2 3 4

1 2 3 4 5

40--

2 3 4-5 6
it

-, 4 5- 6 7'

H 4 5 6 :7

1 SUMS

ON -HIS FIRST *TURN, 'MORRIS GETS THEPAIR (3,1) FOR WHIC,THE SUM, A$ ''
YOU CAN'SEE.FFOM THE GRID, IS 4.

NOW,i:READ EACH OF THE
'STATEMENT, CIRCLE THE
N0qIF YOU CAN'T TELL
FOR-EACH TURN.

FOLLOWING STATEMENTS. IF YOU k6-KU/WITH THE
Y FOR YES; IF YOU DO 'NOT AGREE, CIRCLE THE N FOR
CIRCLE THE C.- REMEMBER THAT THERE ARE TWO THROWS

Y, /N, C 1. RITA HAS'A BETTER THAN EVEN CHANCE OF WINNING ON HER

N,

TURN.,

1"4 4W,1
C. 2. THE CHANCE OF RITA GETTING A 4 IS LESS BECAUSE. MIS

.

.ALREADY GO A 4.

C 3. RITA SHOULD EXPECT A 5 MORE' THAN ANY OTHER SUM.

,

Y, N, 104.7, 4, IF RITA WINS THIS TURN, MORRIS SHOULD WIN THE NEXT QNE.

Y.

ILe

N, C 5. THE SUMS. OF TWO THROWS RANGEFROM 2 THROUGH 8,'A TOTAt.,,

OF SIX SEPARATE VALUES. IN A SERIES OF SIX-TURNS, EAC';
VALUE WOULD HAVE 'TO OCCUR AT LEAST ONCE. --"': Q

O

10.3
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10

Y, N, p. 6. .MORRIS4%SHOULD.EXPECT TO GET A SUM GREATERTAAN 4 ON HIS
NEXT TURN.

Y, N, C 7. ...MORRIS SHQULD EXPECT TO GET A SUM LESS THAN.6*ON HIS
NEXT TURN.

A

MORRIS AND RITA PLAYED FOR A LON TIME AND KEPT TALLIES OF THE .SUMS
THEY GOT AND WHO WON ON EACH TUR 4 It

Y,..t7N; C 8. IN A LONG SERIES aF TURNS, MORRIS AND RLTk SHOULD EACH
WIN ABOUT AN EQUAL NUMBER OF TURNS.

Y. N,, e 9.+ IN LONG SERIES OF TURNS, THERE SHOULD-BE ikBOUT TWICE

Y,

AS MANY 5's AS THERE ARE,7's.

C 10. AS A4 GENERAL RULE, THE MORE TWINS THERE ARE, THE. GREATER
IS THE CHANCE OF GETTING AN EXTREME VALUE, SUCH AS A 2
OR AN 8:

Y,' N, C 11. AFTER 10 TURNS, THE TALLY OF, SUMS FOR MORRIS' DATA,
AND THE HISTOGRAM. OF THE SUMS, LOOXED LIKE THE FIGURE
MARKED M. RITA'S TALLY OF HER DATA AND ITS HISTOGRAM

. IS.MORE LIKELY TO LOOK LIKE THAT MARKED A THAN THE ONE
MARKED B.

1

Y, N, C 12.AFTER 100 TURNS, BOTH TALLIES, AND HISTOGRAMS OF THE
'DATA, OBTAINED BY MORRIS AND RITA SHOULD BE ALMOST
IDENTICAL.

0

Y, N, C 13. IF MORRIS AND RITA STARTED NEW TALLIES AFTER COMPLETING
.THEIR 100th TURN, AND MORRIS' DATA FOR HIS NEXT TEN
TURNS .PRODUCED A TALLY LIKE THAT IN FIGURE M. RITA'S j.

TALLY FOR'HER 101st TD 110th TURNSWOULD LOOK MORE LIM/
4 A THAN B.

.A

98 -
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FIGURE A

4f,

FIGURE B

P

HISTOGRAM

x
x

X X X
X X X X X
.2 3 4 5 6 7 8

U- z

C4

Page t-

HISTOGRAM

1

HISTOGRAM

x

x x x x
2 3 4\5 6 17-.8
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V . Name: Page H

ONE CLOUDY SUMMER DAY, JAN; LOIS AND PHIL WERE PLAYING'IN A4W OPEN FIELD
IN THE PARK.' IT STARTED TO RAIN. AT FIRST PHIL FELT A FEW'SpRINKLES.
TH.EN LOIS SAW A RAINDROP. LAND ON A LEAF. LATER, AFTER THE CHILDREN HAD
FOUND SAFE SHELTER, THE RAIN SHOWER TURNED INTO A VIOLENT THUNDERSTORM,
LASTING ABOUT ONE HOUR.

THE FOLLOWING ARE STATEMENTS ABOUT'HOW THE RAINDROPS FELL. YOU WILL
FIND IT HEMPFUL RECALL WHAT YOU LEARNED ABOUT,THE GEIGER COUNTER'
RECORD OF EVENTS.

1. THE riRsT DROPS FELL ON PHIL:

A. BECAUSE HE WAS LARGER THAN THE GIRLS..-

B. '.BY CHANCE.

C., FOR SOME OTHER REASON.

.-
.2. JAN THOUGHT OF THE FIELD AS DIVIDED INTO SQUARES, ONE-METER ON EACH
SIDE.' THE RATE AT WHICH. THE RAINDROPS FELL INTO A CERTAIN SQUARE
WOULD BE:

A. THE'SAME AS FOR ALL THE bTHER SQUARES.

B. 'GREATER FOR THOSE SQUARES IN THE WESTERN PART OF THE PARK THAN
FOR THOSE IN THE EASTERN..

.

Z.
C. DIFFERENT THAN MOST OF THE bTHER SQUARES.

r

,TO AT A GOOD MEASURE OF THE AVERAGE OF HOW MUCH' RAIN WOULD FALL IN
THE FIELD, A' VICE CALLED A RAIN GAUGE SHOULD BENTLACEDz

A. UNDER A DRAINFROM THE ROOF OF THE HOUSE:
i

B. 7N THE CENTER' OF' THE OPEN F EU!).

C. IN THAT SQUARE WHICH HAD THE AVERAGE AMOUNT OF RAINFALt:IN
THE LAST STORM.

, .

'4. LOIS WANTED TO KNOW HOW MUCH RAIN FELL IN EACH SQUARE FOR EACH -

MINUTE. SHE HAD FOUND OUT HOW TO DO THIS FROM THE NATIQNAL WEATHER
SERVICE r" AND SQ SHE MADE THE MEASUREMENTS DURING THIS STORM. WHEN SHE
ANALYUD THE RESULTS/0F THE MEASUREMENTS'SHE FOUND THAT IN THE FIRST 15
MINUTES OF THE STORM, WHICH WAS VERY BLUSTERY AND VIOLENT BEFORE IT
MOVED TO ANOTHER AREA, THE AMOUNT OF RAIN FALLING PER MINUTE WAS:

ALL VERY SMALL IN EVERY SQUAR

B.. BOTH SMALL AND LARGE IN MOST OF THE SQUARES;
1,

C. -VERY LARGE IN ALL THE SQUARES.

100
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5. THE AMOUNT OF RAIN FALLING PER MINUTE MEASURED ON:ONE RAIN GAUGE
IN THE OPEN FIELD FOR THE ENTIRE-DURATION OF THE STORM (ONE HOUR)' WAS:

`-'A. INCREASING REGULARLY AND THEN DECREASING REGULARLY,

B. GENERALLY.LARGER,DUtRING THE MIDDLE OF THE STORM BUT,,EVEN THEN,
IN SOME MINUTES VERY SMALL AMOUNTS WERE RECORDED.

C. IN EXACTLY-THE SAME PATTERN AS WOULD HAVE BEEN.MEA5URED AND
RECORDED'IN ANY OTHER PART OF THE FIELD. ,

6. IF TEN RAIN GAUGES WERE PUT IN WIDELY SEPARATED OPEN AREAS IN TEE
FIEL DURING THE RAIN STORM; WHICH OF THE FOLLOW NQ STATEMENTS WOULD
BE.,T UE ABOUT THE AMOUNTS OF RAINFALL RECORDED?

CIRCLE THE Y FOR YES; CIRCLE THE Ni FOR NO.
,

Y N A. gP.61 EA 'WILL RECORD THE SAME TOTAL AMOUNT FOR THE 60
MINUT (ONEHOUR) PERIOD OF THE STORM.

Y N B. THE PATTERNS OF HEAVY AND LIGHT RAINFALL WOULD BE IDENTICAL
AT ACH GAUGE. .

.

Y N C. 1TE,DIFFERENCES, OR VARIATIONS ((VARIABILITY), I AMOUNTS
OF RAINFALL PER MINUTE AT A PARTICULAR GAUGE WOOLD BE

4 GREATER-THAN THE DIFFERENCES BETWEEN THE AVERAGE AMOUNTS
RECORDED FOR EACH MINUTE BY ALL THE GAUGES.

. ,

o
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7. BAR GRA'HS WERE MADE TO SHOW THE AMOUNTS OF RAINFALL MEASURED .BY
EACH OF NE TEN RAIN GAUGES REFS RED TO IN QUESTION 6 ABOVE.' DATA
WERE TAKEN EVERY 5 MINUTES. A BgR, GRAPH" WAS` ALSO MADE OF THE AVFPAGE
AMOUNT OF RAINFALL REGISTERED BY THE TEN RAIN GAUGES DURING TPE
UTE PERIOD OF THE STORM. THE SOLID-LINE GRAPHS IN BOTH FIGURES H.ANI2
BELOW SHOW THE AMOUNT OF RAINFALL AVERAGED FROM ALL TEN GAUGES, EACH
,HA$ A DOT'T'ED LINE'GRAPH DRAWN UPON IT TO ?HOW AMOUNTS OF RAINFALL THAT
MAY HAVE BEEN- MEASURED BY ONLY A SINGLE GAUGE. WHICH ONE OF Tjig SETS
OF GRAPHS (F..IGURE H MOST LIKELY REPRESENTS WHAT WAS AFUALLY
MEASURED BY A GAUGE IN THE FIELD?
WRITE YOUR ANSWER ON THIS LINE.

WHY DID YOU SELECT THAT FIGORE?

FIGURE H L TIGURE I

r-
L 1

-1-

r--

20 40 60 2Q 4G 60

'A

TIME, MINUTES

t
'AVERAGE

ONE RAIN ({HUGE
'

.0

)

A

1.

I

4
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Name: Page K

C

SEQUENCE I:.HERZIS A PICTURE OF HOW SOME BLACK'AND WHITE MARBLES WERE
ARRANGED IN A DISH.

I

THE DISH WAS THEN PLACED ON A TABLE WHICH WAS SHAKING. AS A RESULT OF
THE SHARING OF THE TABLE THE MARBLES MOVED AROUND IN THE DISH., PLACE'
A Z ON THAT PICTURE WHICH SHOWS THE 4ARRANGEMENT OF THE MARBLES AFTER
THEY HAD BEEN SHAKING FOR A CONSIDERABLE LENGTH OF TIME; PLACE AN M ON
THAT PICTURE WHICH SHOWS THE MOST LIKELY ARRANGEMENT AFTER ABOUT HALF
THE LENGTH OF TIME OF.SHAKING. KEEP IN MIND THE INT I ,ARRANGEMENT
OF MARBLES'BEFORE SHAKING.'

9.

O

f

A

4
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page L

SEQUENCE II: aijiE DOTS III THESE PICTURES REPRESENT SOME' BLUE VITRIOL
MOLECULES. THE CLEAR PORTION RthDRES'ENTS WATER. THIS SYSTEM IS ALLOWED
TO-STAND'FOR SEVERAL DAYS. MARK THAT PICTURE WHICH SHOWS THE SITUATION
EARLY IN THE SEQUENCE WITH AN A ANQ MARK A Z ON THE PICTURE WHIG SHOWS
THE SITUATION AFTER A LONG PERIOD OF,TIME.

r .

11

10A
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Minisequence VI

'Towards an Ideal Mechanical System

1

Screening Assessments

44,

z

The concepts developed in 14iniseguence VI and tested in this
Assessment are:

a. The total' amount of energy (mechanical plus thermal) in a
system remains constant.

b. In am ideal system, the different forms of mechanical en-
ergy (pclehtial and kinetic) can be converted from one to
the other without any loss .of mechanical eneNy.

-c. The kinetic energy of an object can be transformed into
thermal energy. 4

o

d. The amount pf work done to increase the gravitational poten- P.
tier energy, of an object.(lifting'it against gravity) does
not depend on the path th odgh which'the object is raissd..

e. A loss in the mechanical energy of a system may b- accounted
for.by the production of therMal'energy due to ictional
effects.'

. There are three parts to ttis gro. of assessmen
concerned mainly. with concept (d); part 2. with voncep t6 jb) a
(e); and Part 3 With concepts (a), (c and (e)

\?.

Distribute the assessment pages to the children ar have t em
write their name's in'the appropriate places. You may wish to
'distribute each part separately. This assessment should take
about 30 to 40 minutes to adkinister.

s. Part 1 is

J
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PART 1

At. s
MINISEQUENCE VI. ASSESSMENTS

Page A

Have the chiia;en turn to page-A.

I AM GOING TO ASK YOU SOME QUESTIONS. EACH HAS THREE POSSIBLE
ANSWERS. YOU SHOULD READ SILENTLY ALONG WITH ME. DRAW A CIR

. ?LE AROUND THE LETTER OF THE BEST ANSWER AFTER I\FINISH READ
ING EACH QUESTION ALOUD. (Allow about 30 seconds for each
choice. If y03. feel it helpful for the children, read the*guedi-
tions aloud again as they' make their choices.)

1

1. JANICE WALKED TO 'ETP OF
HER. WHEN SHE REACHED T TOP
THE BOTTOM OF THE HILL,, THREW A
POTENTIAL ENERGIES OP THE FIRST
AT THE TOP OF THE HILL.

A. ''ITE SECOND BALL HAS M

B. JANICE'S FIRST BALL H

° . C. BOTH BALLS HAVE THE S
a

P

2. DEAN CARRIED A BASKETBALL
THE ROOF. HE FOUND ANOTHER B
THE POTENTIAL ENERGIES OF THE

A. THE ONIPHE CARRIED U
o

A $ILL. SHE CARRIED'A BALL WITH
THE HILL, DARRELL, WHO WAS AT,

SECOND BALL TO HER. COMPARE THE
AND SECOND BALLS WHEN THEY ARE

POTENTIAL ENERGY.

S MORE POTENTIAL ENERGY.

POTENTIAL ENERGY.

ROM THE BASEMENT.OF HIS HOUSE TO
SKETBAIfL ON THE ROOF. COMPARE
TWO BA ETBALLS,

HAS MORE'POTENTIAL ENERGY.,

B. THE ONE THAT WAS AER ADY UP,THERE HAS MORE POTENTIki
;ENERGY.

C. THEY BOTH HAVE THE "ME AMOUNT OF POTENTIAL ENERGY.
A

3. DIANE EXERTED 10 FORCEUNITS TO LIFT A BRICKI5 FEET. THEO
STOOD ON,THE ROOF,OF HER HOUSE AND PULLED UP A BALL 20 FEET T6
THE TOP.Il"THEO EXERTED 5 FORCE UNITS,TO RAISE THE BALL. COMPARE
THE POTENTIAL ENERGIES OF THE BALL AND THE BRICK AFTER THEY
WERE

A. THE BALL HAS MORE POTENTIAL ENERGY.

) B. ,THE, BRICK HAS MORE POTENTIAL ENERGY.

106
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C. THEY BOTH HAVE THE SAME AMOUNT OF POTENTIAL ENERGY.

11
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PART 2

i.

Page B

Have the children look at-pacie'B.,

AGAIN I AM GOING TO ASK SOME'QUESTIONS. EACH QUESTION-HAS
THREE POSSIBtE,ANSWERS. -AFTER I READ ALOUD EACH QUESTION AND
ITS POSSIBLE ANSWERS, DRAW A CIRCLE AROUND THE LETTER "IN FRONT
`OF THE ANSWER YOU PREFER. .you MAY READ SILENTLY WHILE I READ
ALOUD., (Allow,about 30 seconds for the children to make their
choices for each qudstiom.) HERE IS THE FIRST QUESTION.

MINISEQUENCE VI :ASSESS

11 ARNOLD FLAS,A LAWN MOWER ANp HE CALCULATED,. VERY CAREFULLY '

HOW MUCH) WORK.IT TOOK TO PUSH IT. HE FOUND THAT THEAMOUNT OF
WORK HE PUT INTO THE "MOWER DID NOT EQUAL'THE AMOUNT.OF WORK THE
_MOWER DID. WHICH STATEMENT IS TRUE?

A. THE MOWER WILL ALWAYS DO MORE WORK THAN IS PUT INTO IT.

B. THE'MOWER WILL ALWAYS DO LESS WORKTHAN IS PUT INTO IT.

C. SOMETIMES THE MOWER WILL DO MORE WORK AND SOMETIMES
LESS WORK. St

.2. ARNOLD WANTS TO SHMITHAT THE TOTAL AMOUNT OF WORK HE PUT.
INTO THE LAWN MOWER CAN BE ACCOUNTED PORN IN ADDITION TO THE
AMOUNT OF WORK THE MOWER DOES WHAT ELSE SHOULD HE CALCULATE?

A. THE AMOUNT OF POTENTIAL ENERGY PRODUCED AS THE
MOWER CUT.

B. THE AMOUNT OF HEAT ENERGY PRODUCED AS THE MOWER CUT
. I

THE GRASS'.

C. THE.: AMOUNT OF HEAT ENERGY PRODUCED BY .THE SPN.

q. ARNOLD DOES NOT LIKE Tim IDEA OF,PUTTING SO MUCH MORE WORK
INTO THE MOWER THAN HE GETS OUT. WHAT SHOULD HE DO?.

A:r. GET A liARGER MOWER.

B. OIL TIDE MOWER TO REDUCE FRICTION.

C. 49IL'THE MOWER TO INCREASE FRICTION.

.113. C 107
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MINISEQUENCE V110,,ASSESSMENTS

.0"

4)

4. PRETEND YOU ARE ON ANOTHER PLANET'IN SPACE WHERE THERE IS .

NO FRICTION. A PENDULUM BOB IS PULLED BACK AND RELEASED. THAT
WILL EVENTUALLY HAPPEN TO THE PENDULUM? A

A. IT WILL EVENTUALLY STOP MOVING.

-B. IT WILL .TEND TO SPEED UP.

'C. IT WILL NEVER STOP.

_A5. WHAT POSITION WILL THh,FENDULUM REACH AT EACH SWING?

THE SAME HEIGHT.

B. A LOWER, HEIGHT.

C. &A HIGHER HEIGHT.

-- Page C
I

TURN TO PAGE C.
a

6. WHY WOULD IT bg DIFFICULT TO PLAY GOLF ON THIS FRICTIONLESS
PLANET? c.

A. THE PLAYER COULD GET A PERFECT SWING EACH TIME.

B. THE BALL WOULD'STOP ROLLING TOO SOON.

C. THE' BALL WOULD NEVER STOP ROLLING.

PART

APage D

V

SIN THE REMAIN ER OP THIS ASSESSMENT I SHALL READ ALOUD A DEVRIP
TIM OF' SEVE L SiTUATIONS INVOLVING THE. IDEAS WE HAVE BEEN
WORKING WITH AFTER EACH, SITUATION I SHALL-READ,SOME QUESTIONS
ABOUT THE SI UATION. EACH OF THESE QUESTIONS WILL ALSO HAVE
THREE POSSIB E ANSWERS. I SHAUL PAUSE- BETWEENeEACH QUESTION SO

,

CAN'CIRC THE LETTER IN FRONT OF THE ANSWER YOU PREFER.
'LOOK AT PAGE D. HERE IS THE FIRST SITUATION. READ SILENTLY

1,) 8
1.

ki

.., .,

\
1

. )t '
, i ,



MINISEQUENCE VI ASSESSMENTS

WHILE I 'READ ALOUD. (,Allow about 30 seconds for the children
to respond to each question.)

SITUATION I: MORRIS IS ON 'A SWING
WHICH LOOKS LIKE THE ONE IN THE
PICTURE. THE LETTERS A, B, C, D
AND S REPRESENT DIFFERENT POSITIONS
THAT THE SWING WILL REACH WHEN IT
IS SWINGING, MORRIS AND THE SWING
ARE PULLED BACK TO POSITION A AND
THEN RELEASED. /

A. D.

1. AT WHICH POSITION IS MORRIS' POTENTIAL ENERGY THE GREATEST?

A. AT POSITION A.

B. 'AT POSITION B.

C. AT POSITION C.

2.' AT WHICH FOSITION'IS HIS KINETIC ENERGY THE GREATEST?

A. AT POSITION A.

B. AT POSITION B.
.1

' C. AT POSITION a.

4

./

I

4
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MINISEdUENCE VI. ASSESSMENTS

. .

3: AT maulTwo ZOSITIONS IS HIS POTENTIAL ENERGY ABOUT THE
SAME? '

,

A. AT,POSITIQNS A AND B.

B. AT POSITIONS B AND C.

C., AT POSITIONS A. D:
0, -

page E

NOW TURN TO PAGE E, BUT YOU MAY STILL WANT TO LOOK AT THE PIC-
,

TURN ON PAGE D.
4

4. AT WHICHPOSITION I'S MORRIS MOVING THE FASTEST? t

,

A. POSITION A. N

B. POSITION B. 4
7

- C. 'POSITION C.

5: AT WHICH POSITION IS- MORRIS.MOVING HE SLOWEST?
111

A. AN POSITION A.

,B. AT t6SITION B.

C. AT POSITION C.

6. MORRIS SWINGS FROM POSITION A TO E TO B TO C.TO D. AT POS.,.
ITION C WI* CAN BE SAID ABOUT MORRIS' SWINGING?

. HE `IS SPEEDING UP.'

B. HE IS SLOWING DOWN.

C. -THERE IS NO WAY TO TELL.

7. WHAT WILL PROBABLY CAUSE THE SWING TO STOP?

110

A; MORRIS' WEIGHT.

B. THE LENGTH*OF THE ROPES,_HOLDING THE SWING.

C. THE RUBBING OF PARTS OF THE SWINGteAS IT MOVES.

116
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MINISBQUENCE VT ASSSSMENTS°

8. WHAT WILL HAPPEN TO-THE TEMPERATURE AT THE POINT WHERE THE
,
ROPES HOLDING THE SWING ARE- ATTACHED AT THE TOP?

P4. NO CHANGE WILL OCCUR.

B.'" THE TEMPE TURE WILL RISE.
.

4 -1, '111E T M RATURE WILL DECREASE.
.:

.

k..,
. v

Page F.
. .

, ..

.Have the
a
children turn to Rage F but remind them they can look

-/.. :.4t the picture on page D to help them make their ,choice.

,

i,

.-8. .SOMEBODY PLACES A BOX IN, FRONT OF THE SWING NOW SO THAT
MORRIS' 4EGS HIT IT WHEN HE SWINGS DOWN. IT GETS MOVED WHEN

a
.MORRIS BUMPS INTO IT. HE DECIDES TO `SEE FROM WHICH POSITIQN HEV.
SHOULD START SO THAT THE BOX WILL MOVE THE FARTHEST. HE ,SHOULD

START''TO SWING FROM;
lr'-

A. POSITION

tvo
B. POSITION A.

,
C. MAKES NO DIFFERENCE.

'

0 $10.

0 ;

4t. .. 4
.

PagePage G '

. NOW TORN-TOrpApE G. t.

. ..S.rTUATION II: JOE AND ARNIE WERE BATTING BALLS. LOIS WAS THE ,

PITCHER AND SHE-ALSO CAUGHT THE BALLS THE BOYS BATTED. 'JOE

,COULD SWING HIS EAT FASTER THAN ARNIE. HERE ARE THE QUESTIONS.
,

,
CIRCLE THE LETTER FOR THE ANSWER YOU PREFER., -(Allow about 30

e

seconds for each choice.) . .

ele

I. WHAT WOULD SHE HAVE OBSERVED ABOUT THE SPEED OF THE BALLS
\ASHE CAUGHT rRO.K('JOE COMPARED WITH THE ONES FROM ARNIE?

A. THE SPEEDS WERE THE SAME BECAUSE BALLSCAN GO ONLY

FAST.
0

B. JOE'S BALL WAS FASTER BECAUSE HIS FASTER SWING GAVE IT

MORE KINETIC ENERGY.

ABNIE'S BALL WAS FASTER BECAUSE HE DIDN'T HAVE TO WORK

SO HARD.
z
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MINISEQaNCE VI ASSESSMENTS

OLTISL GLOVE BECAMEVERY WARM AFTER SHE CAUGHT EACH BALL. .)

THE MOST LIKELY REASON FOR THIS IS THAT)

1;

O

A. A BALL GETS VEX WARM AS IT MOVES THROUGH THE AIR.it

B. THE KINETIC ENERGY OF THE MOVING' BALL'IS CONVERTED Td
gpAT ENERGY WHEN IT IS CAUGHT.

C\ BASEBALL IS USUALLY PLAYED 'IN THE SUNMERTIMIEWHEN` IT
IS MUCH WARMER THAN IN THE WINTERTIME.

3. IF LOIS WANTED HER GLOVE NOT TO GET SO WARM' SHE:SHOUn
PICK THE BALL UP AFTER IT HAD BOUNCED ON THE G UND BECAUSE:

A. IT WOULD THEN HAVE LESS KINETIC ENERG:

B. BOUNCING COOLS IT OFF.

C. IT WOULD BE MOVING FASTER AFTER IT BOUNCED.

Page H

Have the children turn to page H.

-,,
.

SITUATION III: BOBBY GOES DOWN A SLIDE AT A PLAyGROUND:' AT THE
TOP O' THE SLIDE HE HAS 100 UNITS OF POTENTIAL ENERGY. AS HE
SLIDES HE NOTICES THAT THE SLIDE ANDYHIS JEANS BECOME WARM.

t t

1. WHAT WOULD YOU PREDICT ABOUT gOBBY,'S KINETIC ENERGY AS HE
LEAVES THE SLIDE BEFORE HE LANDS?

4

A. HE WILL LEAVE THE SLIDE WITH 100 UNITS OF KINETIC;
ENERGY,

B. HIS KINETIC ENERGY WILL BEALEgS THAN 100-UNI-TS'WHEN,
HE EAVES THE SLIDE.

. C. HE LII`GAIiNI.ENERGY AND LEAVE THE SLIDE WITH,MORE,THAN
100 UNITS OF KINETIC ENERGY.

IF BOBBY W S TO GO OFF THE SLIDE WITH ALMOST TWICE AS
MUCH KINETIC ENERGY AS HE DID BEFORE, HE SHOULD:: r

A. RUB WAX ON THE supg SO HE GO DOWN FA$ TE R.

eHOOSE A SLIDE THAT IS TWICE,AS LONG BUT NOT AS HIGH.

C. CHOOSE A SLIDE THAT IS TWICE-ASHiGH BUT_NOT'ASIr LONG.

2.

ES



MINISEQUENCE VI ASSESSMENTS'

3: IF BOBBY WANTS TO MAKE SURE H S JEANS DON'T GET SO WARM, HE

SHOULD:"

A. RUB SOME WAX ON THE SLIDE . - 4 .
\

B. GO DOWN AS QUICKLY AS POSBLE.

C.' 'EITHER OF THE ABOVE. -'.

Page I

Have the children turn to page I.

HERE IS AN ILLUSTRATION` FOR SITUATION .114

0

r,

, IF
.

SITUATION IV:
.

A BALL ROLLS BACK AND FORTH ON THE COASTER AS
SHOWN. IT IS RELEASED FROM POSITION'1,- ROLLS TO POSITION 2,
'AND _THEN ROLLS BACK AGAIN. AT POSITION 1,' WHERE IT START, IT
HAS 50 UNITS OF POTENTIAL ENERGY WITH RESPECT TO THE GROUND.
CIRCLE THE LETTER IN FRONT OF THE CHOICE AMPREFER,AS AN.AN-
sOu TO EACH ITEM. . '

J
,,/ _,.., %

r :

1. WHEN IT ARRIVES AT POSITION 2, THE BALL HAS 40 UNITS OF
POTENTIAL ENERGY. THE AMOUNT OF HEAT ENERGY PRODUCED IN THE

.\

4

SURFACES WOULD BE EQUIVALENT TO:
c (

A. 10 UNITS OF ENERGY -7 THE DIFFERENCE BETWEEN 50 AND 40.
.

. 5 UNITS -- HALF 411E DIFFERENCE SINCE IT AS TO GO BACK
AGAIN. 4

.

to

C. 20 UNIES -- SINCE IT CAN STILL MOV DOWNWARDS.

119 113
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MINISEQUENCE VI ASSESSMENTS

2. WHEN THE BALL ARRIVES AT POSITION 3, IT 'HAS:

.

MINIr

MUM POTENTIAL ENERGY. -

B. M1XIMUM KINETIC ENERGY.

C. BOTH STATEMENTS ARE TRUE.

S. WHEN IT ARRIVES AT POSITION 3, ROLLING FROM POSITION 2, THE
BALL IS FOUND TO-BE MOVING WITH KINETIC ENERGY EQUIALENT TO
30 UNITS. THUS IT CAN BE INFERRED THAT AFTER IT LE T POSITION
1 and FINALLY CAME TO POSITION 3: L

..' , ,

A. ITS KINETIC ENERGY WAS PRODUCED AT THE EXPENSE OF -

HEAT ENERGY. . --
,

L

I

B. A TOTAL OF 20 UNITS OF HEAT ENERGY WAS PRODUCED.

C. NO-MORE HEAT ENERGY WAS PRODUCED GOING FROM 2 to 3.
THE ENERGY WENT INTO MORE KINETIC ENERGY.

Page J

TURN NOW 'ID PAGE,J.

4. 'THE BALL PHEN ROLLS UP TO POSITION 4 AND STOPS BEFORE ROLL-'
ING DOWN AGAIN. WITH THE BALL AT THIS POSITION, 4, THE ENERGIES
OF:THE,BALL AND SURFACES COULD BEST BE DESCRIBED AS:

. A. A BALL WITH ABOUT 20 UNITS OF POTENTIAL ENERGY AND

4

SURFACES WITH ABOUT 30 UNITS OF HEAT ENE4pY.

. A BALL*WITH 20 UNITS OF POTENTIAL ENERGY, 20 UNITS OF
KINETIC ENERGY AND 10 UNITS OF HEAT ENERGY DISTRIBUTED
OVER THE SURFACE$.

P

C. A BALL WITH A TOTAL OF 50 UNITS 0 HEAT ENERGY.

1/4

_ 4
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4

. v.

Name: Page A

1.1 JANICE WALKED TO TheTOP OF A friLL. SHE CARRIED A BALL WITH HER.,
WHEN SHE REACHED THE TOP OF THE' RILL, DARRELL;' WHO WAS AT SHE BOTTOM
OF THE HILL, THREW A SECOND BALL TO.HEE4 COMPARE THE POTENTIAL
ENERGIES,61; THE FIRST ANDSECONDIBALLS WHEN THEY ARE AT,THE TOP OF THE
HILL.

A., -THE SECOND BALL,HAS MORE POTENTIAL ENERGY.
. .

B.' JANICE'S FIRST BALL ',HAS MORE ROTENTIAL.ENERGY,
. 7

.

-caleTHALL8 HAVE THE.SAME'POTfNTIAL ENERGY,
.

-4

2. DEPIWCARRJED A BASKETBALL FROM THf BASEMENT OFHIS HOUSE TO THEE
ROOF. H,:,411ND ANOTHER BASKETBALL ON tHe'ROOF. 'COMPARE THE POTENTIAL
ENERGIES OF' THE-.TWO .BASKETBALLS.

;A. THE ONE BE CARRIED UP HAS MORE POTENTIAL ENERGY.

B. THE ONE THAT. WAS ALREADY -UP THERE HAS MORE POTENTIAL ENERGY.

,

C. THEY BOTH.HAVE THE SAME AMOUNT OF POTENTIAL ENERGY.

3. DIANE EXERTED 10 FORCE-UNITS TO LIFT A BRICK 5°FEET. THEO STOOD
ONATHE ROOF OF HER HOUSE AND PULLED UP A BALL 20 .FEET TO THE TOP.
THEO EXERTED 5 FORCE-UNITS TO RAISE THE BALL. COMPARE THE.POTENTIAL
ENERGIES OF THE BALL AND THE BRICK AFTER THEY WERE LIFTED.

A. THE BALL HAS MORE POTENTIAL ENERGY.

B. THE BRICK HAS MORE POTENTIAL ENERGY.'

' 1, 'C. THEY BOTH HAVETHE SAME AMOUNT OF POTENTIAL ENERGY.

z

a. .

121
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VI J Name:

1

`Page B.

1. ,ARNOLD HAS A LAWN MOWER AND HE CALCULATED VERY CAREFULLY HOW
MUCH WORK IT TOOK TO PUSH iT. HE FOUND THAT THE AMOUNT OF WORK,HE PUT
INTO THE MOWER DID NOT EQJAL THt AMOUNT OF WORK THE MOWER DID. WHIN
STATEMENT IS TRUE?

A. THE MOWER WILL ALWAYS DO. MORE WORE THAN IS PUT INTO IT.

B.' THE MOWER'WILL ALWAYS Lb LESS WORK THAN IS PUT INTO IT:

C. 'SOMETIMES THE MOWER WILL DO MORE WORK~ Al SOMETIMES LESS WORK.-*

4

2. ARNOLD'WANTS TO SHOW THAT THE TOTAL AMOUNT OF WORK HE-30p1I-INTO:
THE LAWN MOWER CAN BE ACCOUNTED FOR. IN ADDITiON TO THE .AMOUNT OF WORK,'
THE MOWER DOES. WHAT ELSE SHOULD HE CALCULATE?. . 4

.. -.- ,
, - . ,. ,

..,
A. OE AMOUNT OF POTENTIAL ENERGY PRODUCED AS THE MOWER CUT..'

. - .

't:.

B. THE AMOUNT OF HEAT ENERGY PRWUCED AS THE MOWER CUT THE. GRASS.

C. -THE<AMOUNT: OF HEAT ENERGY PRODUCED. BY THE SUN.

17' ; 4

3. ARNOLDINWES NOT LIKE THEWEA OF PUTTING tO MUCH MORE WORK INTO THE
MOWER THANffE,GEZS OUT. WHAT' SHOULD HE DO?

A. GET A LARGER MOWER,

B. OIL THE MOWER TO REDUCE FRICTION.

U. ,OIL THE MOWER TO INCREASE-FRICTION1.

f. PRETEND YOU ARE ON ANOTHER PLANET IN, SPACE WNtRE ;HERE IS NO
FRICTION. A PENDULUM BOB IS PUI,I, D BACK AND RELEASEDt WHAT WILL .

EVENTUALLY HAPPEN TO THE PENDUL .-

A. It WILL EVEpTIJALLYSTOP MOVING.

B. IT WILL TEND TO-SPEED UP.

quo
C. IT WILL NEVER STOP.

5. WHAT POSITION WILL THE PENDULUM REACH AT EACH SWING ?'
411

A. THE SAME HEIGHT.

B. A,LOWER HEIGHT.

C. .A'HIGHER HEIGHT.

122 .
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VI.

1

Page C

6. WHY WOULD IT BE DIFFICULT TO PLAY GOLF ON THIS FRICTIONLtSS
PLANET?

'A. THE PLAYER COULD GET A PERFECT SWING EACH TIME.

B. THE BALL. WOULD STOP ROLLING TOO SOON.

C. THE BALL WOULD NEVER-STOP ROLLING..

A

12:3
:3.17
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VI Name: Page D

SITUATION I: MORRIS IS ON A SWING WHICH
LOOKS LIKE THE ONE IN THE PICTURE. THE
LETTERS A, B, C, D AND E, REPRESENT
DIFFERENT POSITIONS THAT THE SWING WILL
REACH WHEN IT IS SWINGING. MORRIS AND
THE SWING ARE PULLED BACK TO POSITION
A AND THEN RELEASED.'"

A.

E.

B

1. AT WHICH POSITION IS MORRIS' POTENTIAL ENERGY THE GREATEST?

A, AT POSITION A.

B. AT POSITION B.

C. AT POSITION C.

2% AT WHICHPOSITION Iq HIS KINETIC ENERGY THE GREATEST?

A. AT POSITION A.'

B. AT POSITION-B.

C. AT. P TION C.

D.

3. AT WHICH TWO POSI IONS,IS HIS POTENTIAL ENERGY ABOUT THE SAME?

4. IAT POSITIONS A and B.

B. AT POSITIONS Band C.

C. AT POSITIONS Agand D.

J
118
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VI rage 4

4. AT WHICH POSITION IS MORRIS MOVING.THE FASTEST?

A. POSITION A.

B. POSITION B.

C. 'POSITION C.

5. AT WHICH POSITION 1$ MORRIS MOVING THE SLOWEST?'

A. AT POSITIONA. -..
me

B. AT POSITI0 k. s

C. AT POSITION C.

6. MORRIS SWINtS FROM POSITION A TO E TO-B TO C TO D. AT POSITION C
WHAT ,CAN BE SAID ABOUT MORRIS SWINGING?

A. HE IS SPEEDING UP.

B." HE IS SLOWING DOWN.

C. THERE IS NO WAY TO TELL.,

7. WHAT WILLPROBABLY.CAUSE THE SWING TO STOP?

A. MORRIS' WEIGHT.

B. THE LENGTH OF THE ROPES HOLDING THE SWING.

C. THE RUBBING OF PARTS OF THE SWING AS IT MOVES.

8. WHAT WILL HAPPEN TO THE TEMPERATURE AT/ THE POINT WHERE THE ROPES
HOLDING THE SWING ARE ATTACHED AT THE TOP?

A. NO CHANGE WILL OCCUR.

B. THE TEMPERATURE'WILL RISE.

C. THE TEMPERATURE WILL DECREASE.

fi
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VI 4

1

Page F

r

,,

Y , ,)
9. SOMEBODY PLACES A' BOX IN FRONT OF THE-SWING NOW'SO.THAT MORRIS'
LEGS HIT IT WHEN HE SWINGS, DOWN. IT,GETS MOVED WHEN MORRIS BUMPS
INTO IT. HE DECIDES TO SEE FROM WHICB(POSITION HE SHOULD START SO
THAT THE BOX WILL MOVE TH PFARTHEST. HE'SHOULD START'TO SWING FROM:

,.

..

A. POIISITIOti E.

B. POSITION A.
-,e' .

C.'IT MAKES NO DIFFERENCE. \
,...0

0

sr

1

AI ..,. ..

..v

I

at

a

f
\...,

'. .

t

a

,

. ..

NT

°
r
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VI Page G

SITUATION ,TI: 'JOE AND ARNIE WERE BATTING BALLS. LOIS WAS THE PITCHER
AND SHE ALSO CAUGHT THE BALLS THE BO S BATTED. JOE COULD swinclins
BAT*FASTER THAN ARNIE.,. HERE ARE THE QUESTIONS. CIRCLE THE LETTER
FOR THE ANSWER YOU PREFM

.

1. WHAT WOULD, SEE HAVE OBSERVED ABOU THE SPEED OF THE BALL$ /SHE
CAUGHT FROM JOE COMPARED Writ! THE QNE FROM ARNIE?

A.. THE SPEEDS WERE THE SAME BEU E BALLS CAN GO ONLY SO FAST.
4

B. 'JOE'S BALL WAS FASTER BECAUSE }I$ FASTER SWING GAVE IT MORE
KINETIC ENERGY.

C. ARNIE'S BALL WAS FASTER BECAUSE E DIDN'T HAVE TO WORK SO
HARD.

.

4
2. LOIS' GLOVE BECAME VERY WARM AFTER SHE CAUGHT EACH BALL. THE.
MOST LIKELY REASON FOR THIS IS THAT:

A. A BALL-GETS VERY WARM AS IT MOVES THROUGH THE AIR.

B. THE KINETIC ENERGY OF THE MOVING BAT.L IS CONVERTED TO HEAT
ENERGY WHEN IT S CAUGHT.

'C., BASEBALL IS USUALLY PLAYED. IN THE SUMMERTIME WHEN IT IS MUCH
WARMER THAN IN THE WINTERTIME.

3. IF LOIS-WANTED HER GLOVE NOT TO GET SO WARM, SHE SHOULD PICK THE
BALL UP AFTER IT HAD BOUNCED ON THE GROUND BECAUSE:

A. IT WOULD THEN HAVE LESS KINETIC ENERGY.

B. BOUNCING COOLS IT OFF..
6.

C. IT WOULD BE MOVING FASTER AFTER IT BOUNCED.

121
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.VI Page H

,.9./TUAT/017 ,BOBBY GOES DOWN A. SLIDE AT A PLAYGROUND. AT THE TOP
OF THE SLIDE HE HAS 100, UNITS -OF POTENTIAL ENERGY. A5 HE 'SLIDES HE
.NOTICES THAT THE SLIDE AND. HIS JEANS BECOME WARM.

1. WHAT WOULD YOU PREDICT ABOUT BOBBY'S\KINETIC ENERGY AS HE LEAVES
THE SLIDE-BEFORE HE LANDS? ".

A. HE,WILL LEAVE THE4SLIDE WITH 100 UNITS OF KINETIC ENERGY.

B. HIS KINETIC ENERGY WILL BLESS THAN 100 UNITS WHEN HE LEAVES
THE SLIDE., 4

C. HE WILL GAIN'ENERGY AND LEAVE.THE SLIDE WITH MORE THAN
100 UNITS OF KINETIC ENERGY.

2. IF BOBBLr TTS TO GO. THE.SLIDE WITH ALST TWICE AS MUCH
KINETIC ENE AS HE DID BEFORE, HE SHOULD:

A. RUB WAX ON THE SLIDE SO HE CAN GO DOWN FASTER.

B. CHOOSE A SLIDE THAT IS 4WICE,AS LONG BUT NOT AS HIGH.

C. CHOOSE A SLIDE THAT IS TWICE AS HIGH BUT NOT AS LONG,

3. IF)3OBBY WANTS TO MAKE SURE-HIS 'BEANS DON'T GET SO WARM, HE
SHOULD:

A, RUB SOME WAX ON THE SLIDE.

B. GO DOWN AS QUICKLY AS POSSIBLE.

C. EITHER OF,THE ABOVE.

"

122
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SITUATION IV: A BALL ROLLS BACK AND FORTH ON THE COASTER AS SHOWN. IT
IS RELEASED FROM POSTION 1, ROLLS 50 POSITION 2, THEN ROLLS BACN, AGAIN.
AT POSITION 1, WHERE IT STARTS, IT HAS. 50 UNITS OF POTENTIAL ENERGY WITH.
RESPECT TO THE GROUND. CIRCLE THE LETTER IN FRONT OPTHE CHOICE YOU
PREFER .AS AN ANSWER TO EACH REM.

1. WHEN IT,ARRIVES AT POSI ON 2, THE BALL HAS .40 UNITS OF POTENTIAL
ENERGY. THE AMOUNT OF HEAT ENERGY PRODUCED IN THE SURFACES, WOULD BE
EQUIVALENT TO: .

A. 10 UNITS OFia ENERGY -- THE DIFFERENCE BETWEEN 50 AND 46,

B. 5 UNITS -- HALF THE DIFFERENCE SINCE IT HAS TO, GO BACK AGAIN'.

C. 20 UNITS -- SINCE IT CAN STILL MOVE DOWNWARDS.

4,
cs

2. WHEN THE AALL ARRIVES AT POSITION 3, IT HAS:
4

s A. MINIMUM POTENTIAL ENERGY.

B. MAXIMUM KINETIC ENERGY.

BOTH STATEMENTS ARE TRUE. 9%,

3. WHEN IT ARRIVES AT POSITION 3, ROLLING FROM POSITION 2, THE BALL
IS FOUND,TO BE MOVING WITH KINETIC ENERGY EQUIVALENT TO 30 UNITS. THUS
IT CAN BE INFERRED THAT AFTER IT LE PT POSITION i AND FINALLY CAME TO
POSITION 3:

. A. ITS KINETIC,ENERGY WAS PRODUCED AT THE EXPENSE OF HEAT
ENERGY.

B. A TOTAL dF 20 UNITS OFfHEAT ENERGY WAS PRODUCED.

C. NO MORE HEAT ENERGY WAS PRODUCED GOING FROM 2 TO 3. THE
ENERGY WENT INTO MORE KINETIC ENERGY.

I
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VI

4

Page J

4. THE BALL THEN ROLLS UR TO POSITION 4 AND STOPS BEFORE ROLLING
DOWN AGAIN. WITH THE BALIJ AT THIS. POSITION, 4, THE ENERGIES or THE
BALL AND ,SURFACES COULD BEST BE DESCRIBED.AS:

A BALL WITH AgOUT,20 UNITS OF POTENTIAL ENERGY AND ,SURFACE'S
WITH ABOUT 30 UNITS OF HEAT ENERGY. \B. k BALL WITH 20 UNITS O' POTENTIAL ENERGY, 2b Ut;ITS OF
KINETIC ENERGY AND 10 UNITS OF HEAT ENERGY DISTRIBUTED
OVER THE SURFACES.

C. A BALL WITH A TOTAL OF 50 UNITS OF HEAT EN RGY.

"r*
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scoring Guide for the Assessments.

This Scoring Guide is provid)ed for easy reference in evpluating
''children's performances on the Sdreening Assessments. As noted
elTeghere, these assessments are oriented to the Mastery of
concepts by each child, not to the possible objective of diff-
erentiating, or "grading",the children. Each teacher should
decide on a quantity index for mastery, based on the time spent
on the Activities; the ite:Ts have been prepared so that 70%
agreement with the Scoring uide would be considered adequate
for a mastery critexion. Should the children's overall perform -°

o
ance fall below the criteria set by the teacher, the time spent,
on COPES, the teacher's preparat.ion, the children's involvement
in science Olould,be reviewed.

For' each Minitequence, selected comments on the preferred and
alterna&ve responses are offered as an aid to class discussion
of the Screening Assessments as a f edback for learning, if
desired. n ad51"tion, an example of a small-step. dialogue or
discussibn .may be.provided for a pr blem in each Minisequence,
for use as an individual assessment- nstruction for those chil-
dren who do not show mastery on the Screening Assessments. The
'teacher may,develop similar dialogues for -Other problems as
needed.

MINISEQUENCE I Screening Assessments

4 .
PREFERRED RESPONSE

PART' 1

1. A

2. B

f

COMMENTARY

ts,

.p

(C) Particles of rock have
always been a part, of the soil.
However, they were formed from
rock as it was broken up.

Under c4rtain condition's you-'
might find all of these (A,,B

"and C), however the one you
.would be most sure to find is
B.
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PREFERRED RESPONSE

3.

C

4. A

5. C

B

PART 3

1. A

B

2. B

126

c

10.

COMMENTARY

(A) 'Even though rocks are hard,
moving water eventually. wears.
them away.

No comment necessary

The organic material Yomed
by living things makesirsoias
feel less rough.

`:

No cbmmeht necessary

No comment necessary

Generally, topsoil wi]ol hold
'more Water than subsoil
because j.t .contains more
.organic material.

The organic material in top-
soil' increalses,its wa4-
holding,capacity.

\ .

No comment necessary

he subsoil would hold less ,

ater,, theref9re it ,Would lose
less weight when heated..

(B) Bubble s can be formed by
shaking a liquid,silae-air
become's' trapped in -the liquid.
However such bubbles last for

ft-
only a short'time. 'Yeast cells

,giye f.a 'gas called carbon
di tide. Bubbles of it form.
the froth.

(A) This le true, howevqr, any
cris' will also,make you belch'
(B) This was the test for, car-

\ bon dioxide that was establish-
ed in theee.activities.

.132
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PREFERRED RESPONSE

:A

.4. C

PART 4

t.

1. B

2. C
k

3.- B

4. A

5 . Cr*

'PART45 I

1.

2. A

B

4. C

5.

4

go.

COMMENTARY

No comment necessary

As emphasized in these activi-
ties all living things give off
carton dloXide.

No comment necessary

Both: air movJment and,relative
humidity affedt Water loss from
plants.

No comment necessary

(C) It is ssumed that air
movement s about the same
under both conditions. The
relative humidity is lower
when hot air is.circulated
through the nou e.

No comment neces

No comment necessary

(B) It is true that twigs will
use more, water indoors, however
this is brought 1511 by the high-

,

er temperature indoOre.

This is essentially what happen,7
ed in the insect trap in Activ-
ity

(A), There is carbon dioXide in
the air but living things must
obtain oxygeh from the air.

. --comment necessary

133
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Individual Assessment.

An example of a.Amall-Step DialOgue based on Part 4 Problem 3

Key

T: TEACHER STATEMENT OR QUESTION READ ALOUD TO THE CHILD OR'N
SMALL GROUP OF CHILDREN.

C: Child's possible response.,

T: HERE ARE DRAWING OF TWO KINDS OF PLANTS. (Sketch the
following on the chalkboard.)

T:

C:
1,

"6.

WHICH ONE 18 MORE LIKE A PINE
GERANIUM PLANT? '

The first is more like a pine
a geranium plant. (If the chi
tell him which is which.)

T: HOW ARB THE LEAVES. OF THE PINE
LEAVES OF THE GERANIUM PLAN/.

ein

TREE? (WHICH IS MORELIKE A
2,

tree. The second is more Zike
ld cannot tell the difference,

'TREE DIFFERENT FROM THE

C: They are much smaller.. They are long, nai.row, and sharp.

T: BECAUSE OF THEIR SIZE AND SHAPE WHAT ARE PINE LEAVES USUALLY
CALLED?

. C: Pine needles. #,

T: IF YOU WERE TO SPREAD-OUT ALL OF THE LEAVES FROM JANICE AND
MURIEL'S GERANIUM PLANT ON ONE SHEET OF PAPER AND ALL OF THE.
LEAVES OF THEIR LITTLE PINE TREE ON ANOTHER, WHICH WOULD
COVER MORE OF, THE SHEET.

k
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C: The geranium leaves would cover more.

T: SINCE THE.GERANIUM PLANT HAS MORE LEAF SURFACE EXPOSED TO
THE AIR THAN THE ,LITTLE PINE TREE, WHICH WOULD LOSE MORE

WATER TO THE AIR? 1

11

C: The geranium plant.

T: IN JANICE AND MURIEL'S EXPERIMENT WHY WERE TWO PLANTS OF
ABOUT THESANE HEIGHT SELECTED?

C: To try to control.the experiment better. If one plant were
larger than the other it would not be a fair comparison. 0

WHY WERE THE_POTS AND TOP OF THE SOIL COVERED WITH. A PLASTIC
WRAP?

C: To keep sght, temperature, and air conditions the'same for
both plant's.

T: IF.WATER CONDENSED INSIDE THE BAGS THAT WERE TIED OVER THE
PLANTS, WHERE MUST IT HAVE COME-PROM?

4

C: The 'stems and leaves of the plants.

T: SINCE THE'MAIN DIFFERENCE IN THE TWO PLAN!I WERE THEIR
LEAVES, WHICH EXPLANATION (A, B, OR C) APPEARS TO BE BEST?

C: B

133 129

9

I



ti

MINISEQUENCE 1r Screening Assessments

PREFERRED. RESPCNtE

4.

PART 1

1. A

2. A

3. C

4. B

5. .A

$

45,

O

COMMENTARY

I. . The appearance' of drops of
water as heat energy is add-
ed is evidence that water
is beifig driven off. The
water was probably bonded to
the salt, since the salt was
dry to start with.

2; When-the hydrate bonds re-
form, heat energy is given
qff. This same release of
energy occurs when any bond
is. formed.

3. In general, as the children
have experienced in, the'4C-
tiv4ties, the bonds...h9lding
water moaeculed/te :s le
(the hydre\bOnds eak
before the solid 'konds.
When solid-skriii .b-reak
the salt me

4. This sampleoi
ex., thus mo:e^
was, .added

ilk

othercsampLOA
change.

-

ergy 2'

::--e!Al4o, the

he'rea,s the
b such

,

The yellowsalt,s has
the addeld-heat p .which
had.produced,the ye low .

colo'r from tie bluesalt.
When water was adde4 to7one
of the yellow samplis it be-
came blue again. Apparently
the blue form- is the by
drated form and
the anhydrous (iwateree)
form of the salt. Th4(when
water was adc4d,the

116. salt,re-formed hydrate bonds,
became blue and released its

0
.

ad.

1.1
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0

PREFERRED' R:ESPONSE

6. B

PART ,2

Task I. A. +

I

6

COMMENTARY

extra energy' as heat energy
to the surroundings.

. See response above.

Heat energy is absorbed in
the, bkeaking of any bond.

See A above.

See A above. a

Hydrate bonds will be formed
Thus het energy will be
given off.

E. + E. This process involves the
breakin5 of solid-solid
bonds- -,thus heat energy is
absorbed. Some dissolving,
howevek, is accompanied by
hydrate bond formation. If
go, the, combination of the
two processes will result
in heat energy being absorb-
ed or liberated depending
on which.process predominates.
This can lead to interest-
ing side excursions for some
children.

. F. 'See D above.

Task II

A"circle should be around:'

4

A. white vitriol-

4

. Heat energy is absorbed by
blue vitriol to form, white
vitriO1-:-an observation
made many times by.the-chil-

137 131
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PREFERRED RESPONSE

B. 'Gas

'C. -Liquid`

,INIleirM

D. Anhydrous salt

S. 'DissolVed salt

F. Starch plus iodine

WO

132

0

COMMENTARY

dren. Thus the wh to Corm
has more energy.- A o,
whenever bonds are b oken;
the resulting,substan
(Without the bonds) possesses
more energy.

B. A liquid absorbs energy to
become a gas. As the sche-
matics have shown in discus-
sing changes of state, a gas
possesses more energy than
either a liquid or solid.
Gas molecules can move more
freelythan the liquid. If
bothwthe gas and liquid are
attthe same temperature the
gas molecules possess'more
potential energy since they
have been pulled away from
their neighboring m,,Wcules

the liquid.

C. Same argument as .for B above.

D. See A above.

' E. See response to E in Task I.

13&

F. The complex represents %-
bond betweenstarch and
iodine. the-breaking. of a
bond requires energy. Thus
the same reasoning applies
that when bonds break the
resulting substance(s) has
additional energy. In
Activity 5 of this Minise-
quence, the children found
that the deep blue color of
the complex disappeared as
heat energy was added. Sta
Starch plus iodine''resulted,



PART 3

lz B

2. A

3. C

PART 4

1. B

a

PREFERRED RESPONSE I 'COMMENTRY

1. Color need not change, when
hydrated salts are heated.
The children had such exper-
iences wit, salts such as
epsom salt, hypo, etc.
As4for:(C), nothing was men-
tioned about melting.

If, as suspected, the. salt
was hydrated, then the loss
of the bonded water on heat-

.' ing would result in 'the loss
of substance from the system.
The sample would therefore
weigh propaqtionately less.
Melting- doe not change the
weight of substance (see.
Grade 4, Minisequen*ce I.).

3. The.de-hydratiOn process, is
A reversible one. If the t.
children realize this, they
should reason that as the
system returns to its oLig-
inal hydrated condition, it
will give off as, much heat
energy (50) units as were
originally put

as,

1. Giving off heat energy mea
that bonds are forming.
Since water is being added,
thecp it is most likely that
hydrate bonds (water to
salt bonds) are the bonds'
being formed. The other
two responses represent the
breaking of bonds--requiring
the absorption of heat

133
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PREFERRED- RESPONSE

2. A

3. A

4.

COMMENTARY`

energy - -which would
cooled the sample.

2. Less solid means some
solved in the added water

. Also, if no, hydrate bond's
form, the dissolving pxocess
requires the absorption of
heat energy. See response'
to PART 2, Tasks I, item F.

O

3. LOwering of temperature
(doolini) means heat energy
is absorbed., TWU"s, bonds
are being broken. This can
occur only in option (A).

4. Self-evident from the mark--
edly different interactions
with water.

/

Individual Assessm9rt

Two small-step dialogues are provided for. Minisequence II. ,

This individuarlssessthent assumes that item 2 of Part 1 was
answered incorrectly. Similar stepwise dialogues can be used
for other items. What is presented here shotild merely be
illustrative of the approach to be taken. Individual children
and teaching styles may call f9r other,individual,approaches.

Dialogue A:

The problem states that a salt, once had some waterbonded.to
it, but that the water had been removed. (See Key on page 128)

T: WHENEVER A BOND BETWEEN 'PARTICLES IS BROKEN, DOES IT TAKE
IN HEAT ENERGY TO DO THIS, OR DOES - IT GIVE OFF HEAT ENERGY?

C: I'm not sure. S.

T: LET US LOOK AT THE SITUATION IN APIECE OF ICE. HOW DOES
ICE' COMPARE' WITH LIQUID WATER?

tC: Ize,is a solid and water is liquid.

Es,

134
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T: WHAT KIND OF PARTICLES OR MOLECULES ARE IN EACH?

C: Water, molecules.

T: WHY IS THERE SUCH.A DIFFERENCE BETWEEN ICE AND WATER?
a

C: In one the particles are held in place; in the othiwater.
-particles are free to move about.

T: WELL, WE CALL THE FORCES THAT HOLD THE WATER PARTICLES IN
PLACE "BONDS". WHAT WOULD HAiDPENW YOU PUT A PIECE OF
ICE ON A HOT PLATE?'

C: It would melt.

T: WHAT DOES THAT MEAN IS HAPPENING TO THE?;B9N1s WHICH HELD,' THE
WATER MOLECULES IN PLACE? ;1>

C: The bonds are being broken.

T: WAS THE ICE GETTING FROM THE HOT PLATE?

C: Hear energy.
,

Ts: SO, DOES IT TAKE IN HEAT ENERGY TO:BREAK THE-BONDS?

C: Apparently.

AND WHERE.I4D IT GET IT?

C: From the hot plate.

T: WHAT HAPPENS IF YOU PUT ICE IN A SAMPLE OF WATER?

C: It melts. ti

T: WHAT,HAPPENS TO THE TEMPERATURE OF THE WATER?

C: It goes down,.

T: WHERE DID THE ICE GET ITS HEAT ENERGY TO MELT?

t.

ef
C: From the water -- its temperature went down..

T; NOW LET US REVIEW -- WHAT DOES IT TAKE TO BREAK A BOND?
DOES IT ABSORB HEAT'ENERG O1 DOES IT GIVE.IT UP?

C: Heat energy is absor ed -- it is used to .break the bond.

T: LET US NOW LOOK DIFFERENT KIND OF SOLID. HE WATER
MOLECULES ARE STUCK ON, OR BONDED, NOT TO EACH OTH

135
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TO MOLECULES OF A SALT. (A schematic of the model on-,
page 143 of the Guide can be shown the child). DO YOU:
REMEMBER WHAT THE BLUE VITRIOL LOOK

C: It was.blue.

T: DiaIT LooK As IF IT HAD LIQUID WATER.IN IT?
4

C: No, .it lhoked dry.

T: SO THE WATER MOLECULES WERE NOT FREE TO MOVE ABOUT. WHY
DO YOU JITINKITHIS IS SO?

I guess they were held in place by b , as the'ice was.

T: IF I Almcb HEAT ENERGY TO THESE DS WHAT' DO YOU THINK
. .

MIGHT HAPPEN?

, C: These bonds would also break.

T: IS HEAT ENERGY ABSORBED OR GIVEN OFF TO BREAK THIS BOND?

Absorbed -- that is,ttaken in. 4 ?.

4 T: THERE ARE SOME NAMES USED'TO DESCRIBE SALTS WHICH HAVE
BONDED WATER. -'(If the dhild -does not remember the names,
tell him that salts 4th bonded water are called hydrated
salts,and if the w,,,aor is removedsie call them dehydrated
.o an anhydrous salt. It is not essential he remember the
names but he Should, be'aware of the properties of a "de-.
watered" salt versus one with bonded water). .LET US
,LOOK AT THE RETURN "TRIP". IF HEAT ENERGY IS ABSORBED TO
BREAK A 40ND, WHAT DO YOU THINK IS INVOLVED IF WE PUT
SOME WATER MOLECULES BACK ON ,THE DEHYDRATED SALT?

C: We have to form bonds between the salt and water molecules. i
,

T: IF HEAT ENERGY MUST'BE ABSORBED TO BEAK A BOND, WHAT DO
'YOU THINK WILL BE OBSERVED WHEN A-BOND FORMS? WILL HEAT
ENERGY BE ABSORBED AGAIN ORBE.GIVEN OFF? REMEMBER WE
ARE MERELY REVERSING THE PROCEDURE.

,ti' C: Heat energy should- be given out. .4-

T: AND WHAT` DO YOU EXPECT TO HAPPEN IF. SOME thNeECULES OF .,,

WATER COME INTO CbNTACT WITH, A SALT WHICH HAD ITS ATTACHED
WATER MOLECULES REMOVED? (Use the schematic to illustrate
this)

.° ;

,.

.
The water molecUles will stick to or bond to the places
Where they were before. )

136 44
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T: THEN WHAT IS THE CORRECT RESPONSE TO THE QUESTION? (You may
wish to iepeat'lit withxits options.

C.; (A)-heat energy.is given off.

T: AND IOW WOULD YOU KNOW IF HEAT ENERGYWgRE GIVEN OFF?

C: The Suroundi,ng,s would get,..hot.

. .

.At -this point youmigh't-wish to remind them of their. experience
with the blue vitOol. When water was removed, it became white.
Fier} water was re -bonded, the blue color returned -- evidence 0 7
of the re-bonding --I and the tube became very hot.

Dialogue B:

If the child answered the item above Inc rrectly, he may ve ,ry
likely also answer an item such as ,(C) in ask II of Part y

--dincorrectly. Based on the same reasoning pattern Zevelope
above and using ice as an example of a solid, here is a

7suggested form of questioning:

T: IN WHICH DO THE PARTICLES MOVE ABOUT MORE FREELY, SOLID
WATER OR-LIQUID WATER? '

C: Liquid.
he,

T: WHAT DID IT TAKE TO MELT ICE?

vs.

C: Heat energy had to be ,ab4orbed.

T: WHERE IS THIS HEAT ENERGY AFTER THE ICE IS MELTED?

C: In the particles of freely moving liquid water.

T: NOW, WHICH HAS MORE ENERGY, THE SOLID ICE OR%LIQUID WATER?

C: Water.

T: WHICH DO WE CIRCLE IN ITEM C?

C: Its liquid.

A similar disdussion with individual children can be directed
to the other itemsin Part f. Each item deals with the absorp-
tion of heat energyor its liberation as. Fonds are either
broken or formed, and theidocorollary -that the subStances formed
when heat energy is absorbed will then possess this added heat
energy.
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MINISEQUENCE III Screening Assessments

PREFERRED RESPONSE

PART ,1

1. .B.
Vt.

2. A.

3. B.

PART' 2

1. B. '

2.

3. A.

4. A.

5. B.

138,

1.

COMMENTARY

No comment (definition).

2. No comment (defini,tion).

3. Since it is but part oT the
starch - iodine complex, the
starch molecule must be
smaller than the complex.

1.
C----

Cells arespart of leaves.
In addition, not 11711ving
things vossess 1 aves.

-2. Crystal shape is character-
istic of a particular crys-
,tallizable. substance,
although the size may vary.

3. By definition, a ,hydrated.
salt is orieNwhich contains
bound water molecules, but
not all salts are hydrated.

4. Copper' is one component of
the salt called blue vitriol-
(also called copper sulfate).
It is but one of the a,toms`
making up .the blue vitriel
molecule.

Ir.

No ,comment.
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PART 3

The intent of this group of questions is io assess the children's
awareness of 1) conservation} of units--to account for all units
even during an interaction interchange and 2) the mechanismL
of the interchange, where units.merely replace each other or -

where units would be either gained or givenup. In one sense
these items can be considered as model l of molecules, where the
symbols within the dtructure representieither an atom r a
.smaller molecule within a larger one.

S

PREFERRED RgSPONSE

°

3.

4.

5.

._

0$

0-0
f

st

COMMENTARY

1. Three triangles,, should be
drawn since three circles
were added, for the exchange.
If only one triangle is in-
serted over the question
mark, the child has exchang-
ed the proper shaped unit
but is'not conserving numbers
of units.

2. Since all 4 circles rp
shown'removed then t ere
should'be 4'squares within
OM large circle.

S. Only 1 0 is illustrated as
exchanging with one 0
therefore one circle should

/$' be shown as "freed!'.

4. The L'shoul.d be ,inserted
in 'a place for any, one of
the 4 black circles. The .

rest of the structure remains
the same. The operation

6
represents a' single exchange
of a ",etom" for a 40

"atom".

5. Since 2. squar'e's are shown
as he "product", then all
th t is required for the
ze ponse is to indicate
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PART 4

C-

PA2FFERED RESPONSE

s-
1. A .e 1.b The ,in ormation has been ..

r: given t at a model of the
til .

molecule in the blu
-

solu-
tion n\be repfesented by

, ..,

.6i,; whereas the model
of th yellow molecules iv

. 1)!, 4. .

.. rekresented by 0--04 . d: Molecules` of salts contain
..,.

copperTare blue. Since
e-, e. ,

'aisoaiPears'in the yellow

IP

,

.trig SuLfat6 aWd:the triangle
solUtiOn,,44t mUst'stana for ...

stane
-

d, for the copper. In
°

/

(B) tha- triangle. cannot
standQfbr:IRe iron/Since it
rdfrel' s part of .some blUe.
Nofecu es. The phi/drefi

1
. s

have faun that whiul'iron
took the
the bl

ace 6f ebpper, .

lorrdisappearea.
(C) ca of be cdrrect sisnce

./ ,
. , both th circle and the tri-

, 'Jangle a e-' symbols for the
molecules in they blue §alu-- ,

.tion,,and fsbm their experi... '

i Once the copper does not pair
. .

, up .with thfl iron tb form

COMMENTARY'

removal of trie squa're "atoms"
from the, original "molecule".
The 'preferred response also
shows that lines to the ,#
squares are removed. In the
models developed by the chil-
d_t-gpl tIlege lines'represented
the "bonds" between unit .

particles. If the particle,
is gone (ay the removal of
the squares in this example)
then the bond'line should
also be removed. HoweVer,
not .all children may indicate
this. The major import is
the reinoval.of the squares:,
from the model._
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PREFERRED RESPONSE

E.

e

V

3. A.

PART 5'

1. C.

2.. C.

p

J

`,COMMENTARY

1

a soluble salt.

One of the -interactions they
have been investigating,
which identifies a copper'
salt, is the displacement
of copper 'out o"f .5,elution
by iron. Copper will not
come out of combination
merely by filtering. The
blue solutions of copper
salts wil go right through
the fil r. Nor can any
copper be observed visually
in a blue solution of a
copper salt.

3. As in (2) above, copper salts
. are iaentified by their inter-
action properties with metals.
Although the experience noted
in this item may not be part
of the seqdence .(but was pro-
posed as an extending ex-
perience) the children shoUld
be able to infer tRat the
replacement interaction will
proceed in the ,same canner
as the iron with the copper
sulfate. Since the metal
will get used up, (as the
iron in the nail did) a hole
will appear in the pan:.
Actually the aluminum inter- 'is,-/to,

acting pith copper chloride
is very rapid and takes place
with great evolution of heat
energy.

M

1. Dissolving does not--change
composition. 'The same crys-
tal shape should be obtained
when the water evaporetes.

2. The'c*ange/In crystal shape
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PREFERRED RESPONSE

3. B.

4. C.

A

r

C

COMMENTARY

would indicate that a sul;-
st4nce of different comppsi-
tion (a different salt) was
formed by;the interaction
with the white powder. (A)

is incorrect s the crys-
tal,shape has

i

?angel- -from
diamond to needle-shaped.

3. Thee color produced in a
flame is characteristic of
a particular 'Flit particle- -
whether in the free form, as
a metal, or combined with

.

other units, or atoms, in a
molecule. Since the flame
is still red, ther0whatever
opange occurred in the mole-
cule, as indicated by ques-
tion 2, the unit responsible
for the re& flame was still

..present inithe new molecule.
Also, the unit particle ob-

i tained in\k54.Wange from the
white-powder eithet,d.oes not
pro duce a characteristic
flame'eolor or the temperature
of the sterno flameis not
high enouA

4. (A) is expeed as long as
some of- the metal wire is
present.* Theointeraction
will take place producing
more of the green colored
ma/edules. (B) is also true
-since a substance different
in properties (the green

'color) appears. Thus the
preferred inclusive response ,
is '(C) .

5. This process is to
the exchange interattionn
they have been investigating
betWeen the iron nail and
the copper swlfate solution.
In that instance a modeal
'the interaction-was dIrelop-
ed as an exchange of iron- .

143
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PREFERRED RESPONSE COMMENTARY

units from the nail (atoms
of iron) for colSper units
in the blue vitriol molecule.

6. The colors produced in a
frame are characteristic of
a pa;ticuTtr unit or atom,
whether "free" (as in a
metal) or combined, as in a
salt: The ,..yellow flame colok
df sodium buld be-obtained
if metIllic sodium were heat-
ed or if common table salt
(sodium chloride) were tested
in the flame. Thus, in this
test item, if the flame is
no longer red, tte atom (or
particle in some children's
language) responsible for
that red flaMe is no longer
a p. art of the green molecule.
It was probably 'replaced by
the metal atoms in the inter-
action with the wird: (A)

is.a complete distractor.
,, The combination of green and

red colors would not result
purple.urple.

7: Since it ig suspected that
the newly formed 'green mol-
ecules have just apiluieed
atoms from the metal wire,
it could be inferred that
the new flame color (pUrple)
is a propebrty of the metal
wire atoms. (A) should not
be expected since the original
salt (before interaction
with the metal wire) made
the flame red.

8. It would b.suspected that
tb6 newly formed green mol-
ecules as discussed above
wouldgalso produce reen
Crystgrs. The chil ren have
observed similar re ults
within the Activiti s when
they obtained: blue c ystals

# 1 4 9
4
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PART 6

This part of the assessments
tests for Concepts c, d, f and
T. Task I tests for concept d;
Task II, concept g; and
Task III concept c.

Ma.

TASK I

a. schoolium

b. chloride

c. teachium

d. copium

TASK II

"Y" should be placed
over teachium sulfate and
teachium in (a).
"YhThould'be placed
over teachium sulfate and

e teachium in (c) .

144

I

COMMENTARY

from the blue solutions of-
copper sulfate. (B) There
is no, reason to expect needle-
shaped crystals. (C) The
color produced in the flame
is not necessarily ass6icia-
ted with the color of the
solutions. Thus.the sodium,
salts forming colorless
solutions produce very intense.
yellow.fl-ame.d. In the flame,
however, these green crystals
would lake the flame purple.

I.

II.

1.

No comments. These are
simple exchanges.

If children p ce a "Y"
only over th teeclaum t en -

they have m ssed the po t

thiat the color of the fame
is characteristic of. the
unit particle (atom) whether
boupd up with other units ,
or!not. or "o

130
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PREFERRED RESPONSE

"R" should be placed over
copium and copium'chloride
.in,(b);
"R".. should also be placed
over copium and copium
sulfate in (c) and copituil
chloride and copium in

TASK III

r

O

There should be a square
placed next to: (a),.(c)
'and (f). There should
be,aline placed next to:
(b) and Id). '

COMMENTARY

The same comment applies
to the placemerit of the
"R".

No comments.

41,

Individual Assessment

The activities within the Mintseqpencelitself are rich with
experiences for the children. A reviewi or a.repeat, of the

:interactidn properties investigated between copper sulfate and
iron is suggested if ,the child has answered incorrectly items
such as and-3 in Part 4, and Parts 5 and 6.. AlthoUgh coh7
cerits other than those dealing with the interaction are tested
in these parts, it is .this interaction concept which is para-
mount.. Thus the present discu'ssion centers around this concept.
In addition, model. buildin.g has been emphasized in the Mini
sequence. The interac.tion mentioned above has-been used to
dexrelap,,the model of the molecule gs being composed of smaller
parts (aeaoms), which parts can be exchanged one for:the other.

. This idea'may have to be re- presented and reviewed with those
children whb ha'Ve answered Parts 3 and 6 incorrectly:

The items in Part 3, in partIcillar, are an extension of the
concept of Tepresenting "parts of wholes" and the interchange
f the "paLLs". The items are set up so that the child not

-only must keep track of th.pispecific particle ,being exchanged
(identified by a specific symbp1) but alsb mustgkeep track of
how many particles -- as a one-to-one 'exchange is made. If the
child has answered the question incorrectly, go over each item
with him or'her, emphasizing both number and sh'ape of the
symbol. In item 4 be sure' there is only One exch nge made --
i.e., only one triangle is shown,as a "reactant" nd only one
black circle as a "product". The triangle is t be inserted,
in any one of the four places occupied by a b ack circle.
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The rest of the model Should be repeated as preserited.

For another review, consider Part 5 with its 8 questions.
Several concepts which were developed in a number of the Activi-
ties are tested in this part of the assessment. Question 1
deals with concept (c) and its corollary, concept (e). The
crystal shape obtained from a particular-substalee as used
threughout these Activities to identify the presence of that
substance. If a chi,ld answersillithis question incorrectly, re-
introduce the experiences of Activity 1 and let him dissollie
and recrystallize several times some specific salts such as
sodium chloride, 'potassium chl9ride, epsom salt and coppeL
sulfate. The child should find that particular shapes win. al-
ways be formed from particular substances;

If question 2 is incorrectly 'answered, you can refer td the
"sameness" of the, crystal shapes from a specific substipce and
re-present the experiences with the interaction betwee/6 the iron
nail and the copper sulfate. A typical line af question can
then be pursued, as,follows':

WHAT WAS THE SHAPE OF CRYSTAL OBTAINED FROM COPPER SULFATE?

WHAT SHAPELCRYSTAL WAS OBTAINED AFTER -THE IRON INTERACTED WITH
THE BLUE COPPER SULFATE?

WAS IT STILL BLUE?

'WHAT ABOUT THE SHAPE?"'
4

WAS IT THE SAME SUBSTANCE OR 'A DIFFERENT SUBSTANCE?

WHAT IS THE EVIDENCE? (Color had changed; crystal shape was
different).

If you, feel it si eable, have the children repeat the'experi-
ment as :foulp in the ,second part of Activity 3.

01.

Question 4, Part 5 is illustrative but not identical with the
interactions they have been investjgating. Again, emptlesis is
on the.fact that if the properties have change§, it is a signal
that a different subst'ance has been formed by the interactiop..-,

IF THE SOLUTION IS GREEN, WHAT WOULD THEY THINK IS THE COLOR OF
THE DISSOLVED MOLECULES? (Green)

WERE THE "GREEN" MOLECULES PRESENT BEFORE THE METAL WIRE WAS
PUT LN? (No)".) 4,

1:16.



SO, IT MAY BE A NEW MOLECULE. WHAT WAS D
TION THAT MIGHT HAVE MADE IT BECOME GREEN

-

ERENT IN THIS SOLU-
(The metal wire) .

THE GREEN SOLUTION RESULTED FROM THE METAL.' IF MORE "GREEN"
MOLECULES ARE PUT INTO THE SOLUTION, WHAT WOULD THEY PREDICT

ABOUT -THE .COLOR? (It would get darker green).

WHAT ABOUT THE RESPONSE TO OPTION-A?

IS IT CORRECT OR NOT? (Cprrect).

WHAT ABOUT B? IS THE "GREEN" MOLECULE DfFFERENT FROM THOSE IN

THE COLORLESS SOLUTION? (Yes, definitely --.it is a different

color).

THEN IS B CORRECT ALSO? (Y4s)

SO WHAT IS THE PREFERRED RESPONSE TO THIS QUESTION? at must
be C, since both'A and B are correct).

N
-4
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MINISEQUENCE IV Screening Assessments

PREFERRED RESPONSE I COMMENTARY4

PART 1

SITUATION- I:

1. The h.e.u.
.are:

in. each sample

sample A: 30 (1 x 30)

sample B 100 (2 x 50)

sample C: 40 (4 x 10)

sample D: 60 (1 x 60)

sample El 50 (1 x 50)

'sample F: 140 (2 x 70)

sample G: 180 (3 x 60)

sample H: 80 (2 x 40)

2. Theyxaphs.fgr the mixes
for etch pair of samples
should be:

pair #2: 5 spaces,across
and; up to the 20°C line

148

pair #3: 3 spaces across
and up to between 60° and
65°C

pair #4: 5 spaces across
and up to between 50 and
55°.0 (52°C)

3

The mix for #2 contains a
total of' 100 h.e.u.; 5 mea-
suressures of water and therefore
a T of 20°C.

This mix contains a total of
190 h.e.u.; 3 measures of
water and therefore a T Qf
190/3 = 63+°C.

This mix contains a total of
260 h.e.u.; 5 measures of
water and a,T, this, of 52°C
(260/5) ,

/154
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PREFERRED RESPONSE,

3. pair #2: shade in squares
on the graph for sample D
from 20 to 60°C.

pair #3: shade in squares
on the graph for sample F
from 63 to 70°C

pair #4: shade in squares
on the graph for sample G
from 52 to 60°C

4, circle the samples B;.D;
E and G.

5. B

6. C

COMMENTARY

3. The final mix is at a tem-
.. perature lower-than one of

'the samples. The effect of
physically mixing the two is
similar to that °of trans-
'ferring,heat energy through
a wall,_ es in Activity 3.
As in the activity mentioned,
the higher temperatufe sample
has, in effect, transferred
the shaded, heat energy units
to be distributed through-
out the moleculesof the
lower temperature temple.
The "evening -out" process
on the graph is in effect
an averaging of the h.e.u.,
amongst al.l the meastkree of
water (see e.g. Mini \III of
Grade 3 and the Mini II
Water--Mix of Grade 4)..

4. These sample's' are above 45°C,
the melting temperature of'
the solid.

\

5.. It is only temperature which
d'eterminet if a solid will
melt, Some children, may
incorrectly select (A) since
they are aware that hegt
energy is absorbed during
the Awelting proces's. How-
ever, the temperature of the
system must 'be above the
melting temperature of the
solid. This is an example
of conservation of energy
(all the h.e.u. are present
in the-mix) but also of
degradation of energy--it
can no longer melt,the solid. -
The energy it available,Aut
at a lower temperature.

155_

Some mixes are at tempera-
ures lower than 45°C.

149
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PREFERRED RESPONSE

SITUATION II:

1. C

2. A

. A

4. C

150 .

COMMENTARY

1. Heat energy depends on the
',product of V and T. The
large sample of cool water
has 10 x 10 = 100 h.e.u.
The small sample of hot tea

"has,1 x 60.= 80 h.e.u.

2. Transfer of heat energy
occurs from the higher tem-
perature sample to the lower
(no matter what the heat
energy content'is).

3: Whenever two part6 of a
system in thermal contact
are at different tempera-
tures heat energy transfer
will take place until all
parts are at the same tem-
perature"kunles's heat energy
is continually supplied.
Some may incorrectly select
(C) since the smaller sample
trtniferred some of its heat
energy:\to the cooler water.
Also, if they had incorrect-
lyselected B in (2) above
then they, might seect
here at o, if they-have not
understood the concept that
while standing in contact
temperatures will become
equal throughout all

`

parts
of a system.

4. There is a physical barrier,
although not to thermal
energy exchange.- The sepa-
rating wall'id not the same
as the semi-permeable mem,
brane they used with the food
colors. Thus, the orange-
colored, molecules of tee can-
not paie through the.grass.

156,
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SITUATION

1. B

2. A

4

-.SITUATION IV:.

B

(

COMMENTARY

1. Ab stated above, heat energy
transfers when 2 objects are
in thermal contact and a
temperature,difference
exists ,between the. In

this s\ityatipn'DarrelL's
hand is garmer than the bike.
There will therefare'be a
transfer of heat energy out
of his hand, which results
.n the sensation of his hand
4feeling cool. (A) is a
common misconception.

2. Since the metal is ,.now at
a higher temperature than
Darrell's hand, Ule transfer'
will be from the bike to the
kend. These transfers_(as
in 1 above) 'take place read-
ily with metals since they

*are such good conductors of
heat energy. In this sec-
ond question, Datrell's hand
will feel very warm when he
touches the bike. As stated
above, B is a common mis-
conception.

Both these situations are
classic examples used fre-
quently to illustrate the
direction of heat transfer.

1. See all the prior commen'ts
on the direction of heat
energy transfer.

157
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PREFERRED RESPONSE,

PART 2

1. B

2. A

3. A

4. A

PART 3

1. .B

A

3:52

153

COMMENTARY

1. No further comment--thjs is
a major concept developed in

' this Minisequence.

2. Heat energy is conserved in
mixing. This isthe basis
foi predicting the tempera-
ture of mixes of water sam-
ples, as done in Activities
1 and 2.

3. Based on their observations
in Activity 4. *

4. As coloied molecules move
.(diffuse) away from their
source, the color appears to
be evenly distifbuted
throughout the region. The
overall effect of such a
diffusion will be a lighter
color throughout the larger
'region--itNyill be at a
lower concentration. Simi-
larly, in mixing hot and
cold water, the mix will be
at a lower temperature than
the hot sample.

1: Diffusion of the orange
colored,mOlecules from the

,.region of the tea bag takes
time.

2. It is expected that complete
mixing or diffusion would
have occurred in this time.
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PREFERRED RESPONSE

.

PART 4

SEQUENCE I:

A on the picture to the left
Z, on the picture in the, middle.

SEQUENCE II:

A on the picture to the right
Z on the picture to the left OR

on the picture in the middle
Z on the picture to the left

. SEQUENCE III:

A on the middle tube
Z on the left tube

O

COMMENTARY

3. Although the'odor will still
be strongest next to the
f/.awers (tht source) , mole-
cules possessing the sweet
flower odor would have dif-
fused throughOut the room.
C is not correct. The
flowers are still in the
room, therefore the odor,
would be present throughout
the roOm.,;'
4-

153

Molecules diffuse from regions
of high concentration to low;
they also tend to distribute
evenly throughout available
-space -= unless am outsiae
agent removes or adds some.

r.
In the first preferred
response for this sequence
the higher concentration of
"colored" molecules,stats
off outside the bag. The
middlerWould bt
_since all the molecules
could not moves into the bag.

In the second aCceptable_
response, the right picture
'is impossible'in,such a se-
quence since the molecdles
would be most unlikely to
go out of the bag completely.

Again the, pair is chosen
which represents the net
movement of molecules from

153
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SEQUENCE IV:

a) on the graph to the right

b) B

c) Dots should be placed at
the same height as position
3 At the lined designated
for positions 1, 2, 4 and 5

COMMENTARY .

from higher4to lower con-
centration regions until
the concentration becomes
equal throughout the region.
This occurs even If it
appears to go "against
gravity".

a) The .highest temperature would
be at position #1--nearest
the, source of heat ene'rgy..
This situation is similar to
the measurements of tempera-
ture along the nail which
was heated at one end with
a candle-(Activity 7).

b) the coolest position.

c) Once the sourc'e'.gf heat
energy ,i.s_removed, the tem-
perature becomes eq 1

throughouetlespoon.

individual Asse'ssment
11

4

I

For those children wkito do not meet the teacher's standards of
perfdrmance on the Screening Assessments, we suggest individual
discussions'of the items with elaboratidn of the commentary on
the preferred, and when offered, the alternatiy,e-,responses. In
particular,.we suggest step-wise review of the items in d'art 1
and the time-sequences inPart 4 with the individual child:'
No small-step dialogue example is.offered-for this Minisequence.

v.
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M/NISEQUEN6E V Screening Assessments

PREFERRED RESPONSE

RT 1

SITUATION I:

,

1. Figure C

. Figure C

'to

COMMENTARY

It

0

1. Diffusion is greatest in
this tube. It could not be
Figure B since the blue food
coloring molecu ould not
all sink-down to the bottom
but would spread throughout
the tube. Even'if they had
'been pldced in the bottom,
of the tube, and gelatin or
water carefully' added above
them, with time all the
molecules would have dif-
fused throughout as pictured
in Figure C, the preferred
response.

2. It could not be Figures A
or B since in these tubes
all the blue food coloring
molecules are concentrated
in a small volume, either

4 at the top or the bottom of
the tube. In C the colored
molecule are spr d oft
over the total volumes:
Their concentration is less,
although their numbers may
be the same. Sirice the con-
centration isiless, this
tube will appear to be less
blue.

SITUATION II:

1. and CLshould be inter-
mixed, evenly in the
middle wih a greater con-

,

1. After several weeks both
red and blue molecules would
have diffused throughout the

155
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PREFERRED RESPONSE
.

centration of at the top
and 0 near the bo om:.

2. blUish'violet

3. purple or violet

4. N

5. N

6. Y

7.

.8. N

156

MEP

°

COMMENTARY

bowl, but there would still -

remain higher concentration
of red neax the bottom and
blue near the top.

2. see #1 above (blue plus a
little red)

3. see Wl'above (Roughly equal
amounts of blue and red).

4. Diffusion is a "spreading
out" piocesst hence it_al-
ways takes place in the
direction of lower concen-

. tration, whether or not this
is in the downward'direction.

5. Oui/concept of molecular
movemelit is that all:mole-
cules move rendom4y in all
directions. The net'effectY;
cf the movement results in
thk observation of' Oiffusidh
front a boundary layek, See-
concept (f) .

6. See response,to 5 above.

Concept (f) again.

8. It is just "the'rev'trie.
This is an extension of the .

concepts developed in the
previous Minisequence IV,
where both molecules:and
heat energy were observed
to transfek from hip con-
centration or high-tempera-
tuke,tegioms ti ldwer con-
centraiion- or loweetempera-
ture regions.I.



PREFERRED RESPONSE

9. Y

1, m

SITUATION III: O

2. /2 or C.

.a

r
*

0

A-:

COMMENTARY

.

9. See concept (f) and discus-
sion on 5 above.

1. Follow instructions.
arrows indicate the lie

%

. .

2. 111A number of steps to the-
goal is the same. The a.;
priOri proba-bility.of any
of the four directions
(Forward, (F) , Backward (B) ,
Left (L) or Right (R1 ig

the,same. Therefore the .

probability for each Of the
players takingthe shortest
route ig the same: A born-

/ plete analysis of thie.game
is quite complex; involving
such things as. probabilities
of being on the edges Where
a, player may lose his
:For instance, the fact that
David is closer to the right-
hand edge might result in

losing a ;turn( Bud this
may, be offset by the higher
chance that Peter may. lose
a turn, even'though his path
is straight, `since`- initially,
he" can moye Only forward '(F) .

16J
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.3. Y

4. N

PREFERRED RESPONSE

t.

V

'

,COMMENTARY
. ,

If the child ,perceives: all
the possible .complexitie of
the game, he or Ahe may quite
properly mark C.

4,

. The result of any one spin
is independent of,the.pre-
vious,spins. This is a
basic conceptj.n games of
chance., such as spinners,
'introduced to ehildreeas
early as the Grade 4 teach-
ing materials.

. It would be lhe same for
each player- -two chances.out
o4 four, or one out of two .-----

would, result in loss 'of a
turn, since these directed
moves cannot be mide. Hen'c'e

the probaillity ofeach
losing a-turn can be ex-
pressed as 1,out of 2, or.

5. Y

6. Y

1-58'

p (probabillty) =
str

. Peter can move in only one
direction; therefore he has
3 chances out ,of 4,of lo;ing
i turn.. tecasue of his
starting position he can
only move forwarVF)..,

16 Li

/

As the players. make their
third move, they are in
jactpitiOns marked for the
responpe to queetiori #1
above. In those tiositions,
David will not lose a turn,
since he can move in any one
of the four directionp.
Thus we canirsai=his proba-
bility of losing a turn is
zero. (p.= 0) . But Peter
is at an edge and thus he
has two chances (out of
four) of losing a turn--if

f
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PREFERRED RESPQNSE

7. C 1 7.

003

O

COMMENTARY t

his spin'directs him to move
4'back r to the right. Peter's
prob ilitY of losing a turn'
is t us 2 out of 4 (p = 1/2).

It'ii impossible to tell
which child would-be closer.
As an esti mate, David has ap)
better chance of being
closer than Gene does, be-
cause Gene has the greater
risk'of losing 4 tun.

8. This is the general principle
that a large sampling, or
many random moves, would
result in an overall pre-
dictable pattern. They '

0,

have observed this,, start-
ing in Grade 3, with respect 'I

to sampling size. It was
also reinforced in Activity.
2, where they observed
uniform spreading of the
children throughout the
room, although each child's '

individual moves were random
(dictated by chance' stopping
of the spinner).and could
not be predicted. This
'sampling idea also emerged
from the data IN3 averaging
counts from'the Geiger
counter.

9. The analog is not exact since
molecules would not lose a
(*.urn but rebound into, an
available space after,hit-
ting a wall, etc. but it is
close.

159
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PART 2,

1. ,Y

2. N

3, Y

4. N

N

6.

7. 0Y

'' 160'

is

COMMENTARY

1. Looking at the grid, there
are 10 swag greater than 4
At of a total of, 16. Thus
the prot,abilty of getting,
a sum greater than 4 on
Rita's next turn- would be
10 out of 16 (10/16 = 5/8) ,

which is greater. than 1/4.

2. Each player's throl, are
independent of the other's.
This is the same' case as the
spinner in SITUATION III af
Part 1.

3. Looking at the grid, ,the sum
of 5 occurs more times than
any other sum. (p,..ze4/16 or
1/4).

4. SaMe as regponseta #2 above.

5. Each throw is independent,
as #2, no matter
what the pre us throw was.

6. Looking at the grid, a sum
greater than 4 has the high-
est expectancy. See response
to item #1 above.

t

7. As in getting a sum greater
than 4, getting a sumjese
than six 'also has a high-

,
kcPectancy. Looking at the

'ff-----'

grid, there are 10 possible
sums less than six. Thus,

'-- its probability would be 10
out of 16'(li = 10/16 = 5/8).

166



4

A.Fwass,

e I-

8. Y

A

9.

10. Y

v

ts

C

.PREFERRED RESPONSE

16/

COMMENTARY

4- 4

8. Since each player's throws
are indipendent of the
other'sand of previous
throws,;,there is an equal
chance that either one-w411i#-
winthesame number of plai0-.
Winning, of course, cannot'-
be predicted.for any given
individual throw--but the
overa.1l average effect will
be than each one should
have the same number- of wins.

9. S e the grid. There are
forr possible sums yieldidg
,5 an only two possible sums
yielding 7. Thus, over a°
lo g series of ta0OWs, the

)
re ults should reflect the
th oretical proba)ility.
In grade 5-children confirmed

theoretical predictiorp'
on prokable throws of a pair
of dice and found that the
data did eventually reflect
what,waa predicted from the
grid.

10. The greater the number of\
'turns, the greater is the
chance that any possible
value,'even though it can
result from only one combi-,
nation, will occur. Of
course, as stated in the
commentary for #5, on can-
not predict a specific alue
for a particular throw r

pair of'throws in advance.
One can only predict the
probability for that sum.

k

11. Although the most frequent
value (the mode) in A is
the .dame as in 1,1,, the spread
is a bit small. The 'range
depicted in B seems more

16i
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J

12.

13. C

PART 3.

1.

2. CI

3. .B

162

I

I

I

COMMENTARY

reasonable.- Also, the most
frequent value is close to''
5, a value one should expect.-r
But this liamplie size is
.rather small, )and the data
depicted in eitherli or B
could easily occur in these
few chance evWs.

12. The larger the number of
chance or random events the
more order -will appear in
the total collection, as
seen in a histajgam of the
data. These ideas were
expanded upon in Grade 5,
Minisequence V; see-concept
(c) .

0

13. The 101 to 110t et'of
throws is indep dent of the
first 100 sets. Contrast
the situation here with a
sample of only 10 pairs of
throws with the response to
#12 above with its 100 pairs
of throws. See comment #11

\ regarding sample size.

1. Chance is the most ,reason-
able explaniation.

2.. This, is ,but one examp e
P
of

expected variation in
measured data (variabili
(A) cannot be so, eithe:r,

, friom sampling theory or 9111

actual observations on rain-
-fall. (B) is ambiguous.

3,\ Of-course, (A) cannot be
considered. And )(C) is

1 6
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PREFERRED RESPONSE

.4

_ 1

5. B

6. A False

B False ?

C True

-

.

. r.

COMMENTARY,

inadequate since, batPed on
expected variability, the
average may not be rcepra,,,,
ducted in a particular square.
($) is the best response
accordinpg to, experimental
standards and also corre-
spondsto theU.S: Weathei
Bureau's recommendation.

4. 'A and C,contradict:both the
description of the storm
and the'concept of expected.
inherent variability, or
variations, in data.

5. () cannot be true since,
again, because of inherent
variability4 the pattern of
rainfall will not be expected ,

to-be identical in all sec-2,
tors. /The s6rrect response,
B, takes into account the
description of what,happen-
ed in the storm as it pro-.
gressed and of expected
variations in the cbllected'-.
data. ft is an unlikely
situation, since such regu-
14rity is NIX to be expected.

6. A. See above discussion on
expected variability in the
rainfall.

16

BV gain, expected varia-
hiiitylin the results would
precldae,the-truthfulness of
this st*Atement. 0

r

C. Sine the highs and lows
ore evened-out when an aver-.
age is calculated, compari-
sons of aVeagea.will show

`4
less variati?Ons.



A,

7., Figure #r

PART 4

S4QUENCE I:

DRE#

should.be placed on the
picture in the lower left; an

4M on the picture in the upper
right.

A

t;

164

I

45

V

COMMENTARY

7. A single set of measurements,
as portsrayed by the dotted,

'lines on the histogram, 1

would eXhibit more devia-
.

t,ions f*om.the average than
depicted in figure #2. the
data in #2 shows too much
ggreemeni'between the bne
set of 'measurements and `the
averages of an the ten
gauges positioned at dif-
ferent locations in the

17u

field:

The lower left picture of
the black and white marbles
show.s7tte greatest degree
of "mixing" of the two types
of marbres. This least
amount of order is most
likely '(probable) after
long-term shaking. The
upper right exhibits a
moderate amount of distri-
bution of the black marbles
1,4ith the"' whites. thus it
is eelectied for that desrip-
tion of tie situation after
half the length of time.
The upper left picture ex-
hibits a very high .degree
of order in the distribution
of the black marbles. Thus,
it would be least,likely'to
be.expected-by random move-.
ments of the marbled on the
shaking table.
The initial picture shows
a high degree of order in
thht all the black marbles
Ore bunched together. The
lower right picture is only
slightly different. There-.
fore it should not be se-

":



PREFERRED RESPONSE

SEQUENCE II:

An A should be placed on the,,
upper right; a Z on the lower
right.

O

171

O

COMMENTARY

lected for a'most likely
arrangement after shaking
for a long time or even
"half-time". unless the
table vire tilted in that
direction.' Chance movement,
of course, would not pre- .

'elude the possibility that
uniform arrangement or
clumping of marbles might
show up at the end of the
sequende...but this is con-.
sidered unlikely; that is,
,of low 'probability, but not
impossible.

The upper left is impossible.
A solution of blue vitriol
would not layer in the middle
.of water. It is Most likely
that the seqUence starts with
a pool of blue 'solution as
shoWn in the upper right.
The completely diffused
state 'as shown in lower'
right is most likely last
in the sequence. If a layer
forms from the pool, depicted
in the upper right,. then_the
lower left is a possible
middle picture fo,r the se-
quence. However4 this ques -,
tion was not asked; and dif-
fusion out from the pool of
that marked 4-mpuld probably
not result in such a uniform-
ly distributed layer but .

would start to diffuse up lb

as well as sideways from then
pool.

165
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Individual Assessment

No small-stedialogue example is offered for this Minisequence,
because of the examples for previouslinisequences (I, II- & III)

h/
and the very detailed discus ionsions in the commentary for the
Screening Assessments in t above 'Scoring.GUide. .Depending
on the particularitems an individual child may have not met
your performance expectancy, you may wish to re-present the

,

items as, you discuss his or her responses in detail with the
child.

'1

166
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MINISEQUENCE VI Screening Assessments

PREFERRED RESPONSE COMMENTARY

--PART 1

1. C

2. C

3* A

OS

1. ,The potential energy tP.E..)
of an object depends only
on thework required to get

to a par'ticular position.
Work to lift an object is,
operationally defined as
the product of the weight
of the object (the force
required to lift it) and
the distan.ce lifted. .It

-.:(3.oes not depend on how they
object arrived ac a par-
ticular position.

2. See comment for (1) above,

3. The work performed by Theo
on the ball (5 x 20), is
more than Diane performed
on the brick'(10 x 5).
Therefore, the ball has
more P.E. since it was
lifted higher, even though'
it weighs less than the
brick.
(B) is/ incorrect since the

sotP.E. of the brick is only
10 x 5/ = 50 units. 1g, .'
however, Diane h ed
threelbcks, using
(;o3 x'10).force-unitt to lift,

'..th/e-rt Diane's group of brickth
wou40-now have a R,E. of
150 (30 x 5) even though
Theo's' ball ,was lifted higher.
The-work to lift, and thus, '

the P.E. of `An object, .
`depends pn the product
total weight and heigh
lifted.

173
1' ,(
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'PREFERRED RESPONSE

PART 2

1. B

2.

3. B

COMMENTARY

1. In mechanical systems, par-
ticularly where parts rub
against, or move..oer each
other, there will be
friction resulting' in thci
production of some heat
energy at the expense of
some mechanical energy.
This inefficiency of the
mower will result in less
work output.

#

2. See comment-above.

3. Lubricating by oiling metal
parts will reduce friction
and thus reduce the#amount
orsiechanical energy con-

.

verted to heat energy.
(A) is not an S.cceptable
response since`changing the0
size of the machine will
not Acessarily reduce
friction.

4. C 4. Once the bob i'S raided
.(ctiven some P.E,), and then

A relea4O,it will start to
swing. , if there is ne'loss
'in mechanical enezgy due to
friction then the )c.ob will
continue to swing--h=ever
stopping. 'Of.bourselb our
real world is not a trio-.

tionless one. and so'a bob
would eventually stop
swinging.
(A) describes what would
occur in, our real world.

1

. A 5, Since there is, no "loss" of
mechanical'` energy due to
friC-tion,, (A) is true.
(C) cannot be true because
that implies tae t_ the bob
is getting more energy:,,
This is impossible unless
an outside_egent supplied

t

t

168
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PREFERRED RESPONSE COMMENTARY
4

6. C

PART 3 --

Situation I:

1. A

2. B

3. C

4. B

1:4

5. A

J

173.

6. See resppnse to (4) above.

1. This position is at the
greatest height.

2. At the lowest position (B)
all the potential energy
with respect to this posi-
tion has been converted to
kinetic energy (K.E.).
ThUs maximum K.E. is at B..

3. (A) and (D) are at about
the same heights above the
grbund.

4. He will be moving the fast:L
est at that position where'
he has maximum K.E. (See
response to (2) above.)'
Some children may reason
that at position (C) the
swing is moving lip to ..,,(D) .

In order to get there the
swing has, to be-moving
somewhat 'rapidly: But at
position (Ci, which is high-
er than (B), part, of the
K.E. the swing had at (B)
would have been converted to
P.E. (C) is thus an incor-
rect response

5. At (B) 'he is moving most
rapidly (see aboVe). 4At
(C) he is either moving up
to (D) or is poming back
from (D). He is moving less
rapidly than at (B). How-
;ever.; at (A), one of the .

highest positions of the
swing, he is either moving
most slowly preparing to.
reverse his direction or his
stopped completely before. .

he descends down to (B) again.)

169
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ee.

6.

PREFERRED RESPONSE COMMENTARY
I

6. As discussed above, in
moving from (B) to (6,
Morris dnd the swing are
gaining P.E. at the
expenses K.E. ThUV they
will be sowing down.'

7. C 7. See commpirtery for .response
to Part question 1.

8. B

9. B

Situation "II:

1. B

9

2. B

170 z

td.

8. Since friction will be
mainly.at.those points, and
since heart energy is pro-
.duaed during the rubbing,
the temperature wi).1 rise.

9. -Position (A) being higher'
off the 'ground than (E) ,

means that Morris would be
starting off with more P.E.
and thus colliding with
more K.E. when he arrives
at'thebox at (B) , than if.
he had started from ,(E).
The .greater the K.E: on
collision, the farther the

0) box can be moved.

1. Since 'Joe swings. his bat
faster, it imparts, more
to the ball -- resulting in
J6e:s ball moving more
rapidly:
(C) cannot be true since the
moving ball acquires its
K.E. from the impact with
the 5sy-i-fig bat,.

'2. The ball is completely
.stoppedin the glove. All
its energy (kinetic) is-

transferred into heat
energy...as the children
discussed in Activity 1.

)1r.'
-1 "?'6

^

,/

0.



PREFERRED RESPONk'

3. 'A

Situation III:

1. B

2. C

L

`COMMENTARY

. -

In (A) the frictional
effects as the a oyes
through the air are
minimal comparA 14.th e

complete conver.sidE of he

K.E. as rioted above.

3. As was observed with he
bouncing balls in Acti ty
the` ball rebounds with ess
energy After colliding ith
the floor. Thus the bou ce
would result in the ball
coming to the catcher with
less K.E. -- to be'
converted to heat energy
when caught.

is incorrect. Actually
bouncing would warm up the
ball -- very slightly --
Its well as the surface on
which it bounced.

1. , If there were...kw friction;
then all of .the.P'.E. it' the

top of the slide (100 units)
would be converted to
Bobby's K.E. as he left the

4

slide. Howe er, pince it
Was stated that he noticed
his jeans beca warm, it
indicates that some
mechanical energy has been
converted to heat energy due
to the rubbing A.ction.
between Bobby and the slide.
The remaining energy with
which he leaves the slide
must therefore be,less than
the 100 units.

2. Using a'slide which is"'
twice aehigh means starting
off at the top with twice
as mucir P.E. There would
still be sofne losses due to

'friction when he leaves at

1711,7

the bottom.

A
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b

3. A

1 0. "

iREFERP4§D

Situation IV:

1. A

2.

N

172

14.

K

;

O

But_it.can the predicted
that he would go-off with
about twice' the K,E. as
before, especially since the
slide is not as long..
00 cannot be correct since
the K.E. comes only from
the initiallP.E.! Reducing
friction by; applying wax
cannot 'double the K.E. but
would certOnly increase it.

43e

3. Here, of Course, rubbing on
wax will reduce friction
and thus reduce the amount
of heat energy producgd.

Conservation, or accounting
for all the energy, would
indicate that, starting with
50 units and endingvwi-th
40 units moans that 10 units
have,been'convertedjby
frictional'e,ffects) to
hekitenergy.

2. As -in t.heianalysisof
penduluit%wingsluat the
bottom of the swing there
is minimum P.E. but maximum
K.E. It will be moving

. most rapidly.

'3: As stated in the descYipeion
of the situation the ball
starts of at (1) with 50
units of energy. Since it-
is moving at (3) wi-th 30
units of energy, and since
at (3) it has all its
mec anioak energy in the
for of kinetic, then it
can e deduced that the
difference, 20 units, is in
the tort of energy



v.etwesi,

4.

t

4,0

PREFERRED RESPONSE

4

olf

COMMENTARY

4

'produced by friction between
the ball and coaster
surfaces.

4. Since position 4 is at
about half the height as
position 2, it is logical
to conclude that the ball
has about half the potential
energy at position 4
(40 units/2 = 20,units).
The ball is not moving, thus
all its energy is potential.'
The difference from the
Starting mechanical energy

1150 unitt) would appear as'
heat energy produced by
friction. A is the correct
response.
(C),cannot be correct.
There must
potential e
ball at- #4

e some
ergy since the
s still on the

elope. Some may incorrectly
reason ,that.all the energy
(the 50 unite) is in the
form of heat'energy since
theball.' has stopped r011ing
for the moment. But at
po itionl, #4 It can still
roll. down. It is only when
the balr comes to a complete
rest (at4 the base

1 of the
coaster)I tha't all its
initial mechanical energy
has-been 'converted.to 50
units of heat enetgy.

Thclividuak Assessment

The concepts 'developed in this Grade ,6 tp.niSeque'nceare
extension of those in MiniseqUencer ICI .of Grade 5. Potential
'energy and kinetic n-ergy, along With their "i_nterconverstions

apd interrelationships, were introdus.gd,in,th&egrlier'grade.,
FOt those children who have scored poorly' on items directed to'
the conCept,of these forme'of mechanical energy, as'presented,
e.g., in Part l'-and Part 3 (4tWftis 1 through 6)s4 review ol the

',,assessments in Grade 5-would be helpful.
4

I 173



. As the Grade,6 activitieipdevelop, emphasis is also directed
to the conservation of bectanical energy in these inter- .

Conversions -- schildren' should be developing some
sense of accountability of the energies.

The example of a review discussion directed tkthese ideas of
accountability is based upon the,child answering incorrectly
question 5 of Part 2 and Situation III of Part-3. Theretare
two.small -s.tep dialogues provided. Again. be remindekthat
these logues are merely' illustrative.of what you may pursue
with actlild who has not shown:Mastery. Individual differences
amongst children may require different apprpaches. The first-
small-step dialogue concerned with question 5of....Part 2.

Dialogue A:

T:. WHAT DOES IT TAKE TO RAISE THE BOB OF A PENDULUt?

C: Work.

T: HOW WOULD THE AMOUNT OF WORK BE MEAS9pD?.
111

C: By the distance'it is `raised.'

T:' ANYTHING ELSE?

C: How heavy it is.

T: DOES THE BOB HAVE ANY ENERGY IN THIS POSITION?

C: Yes. cf'

. 1

T: HOW DO YOU KNOW? .

-
.

C: Well, if I 10 it go it can Swing clk)w.n. .

,

1

.

T: BUT IS SWINGING DOWN AN EXAMPLE OF ENERGY?/.. ,

SI

C: 'Welt., if something moved, we say -it'll:as energy ;),f motion.
4

Ir.. . *
'..... T

T: BUT WHY DO WE CALL IT ENERGY?
-

C: Because if soMething
I
were put in its way it cou7.,4 "make it

'move:.:- it could (do workon it.

T: THEREFORE, WHEN THE BOB IS UP AND NOT MOVING, WHAT KIND OF
ENERGY DOES IT HAVE? "MOW 1

C: Ie.has the possibility of getting kinetic energy.'

T: WE OALL.IT POTENTIAL ENERGY WHEN SOMETHING IS LIFTED UP'AND
HAS SHE POSSIBILITY.OF GETTING TNTOMOTION.

114 $
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T: WHAT HAPPENS rO A BOB AFTER IT SWINGS DOWN?

C: It swings -up to the other side. ' . )

T: WHY DO YOU THINK IT SWINGS UP?
( .

C: It was merving and was held on the stlifing, so it swings up..

T WHERE WAS IT MOVING THE FASTEST? ,A

C: At the bottom of the swing.

T: WHAT HAPPENS TO THE KINETIC ENERdX AS. IT MOVES UP ON THE
OTHER PAM OF THE SWING?

C: I'm not sure.

T: DOES IT MOVE AS FAST?

C: Nth

T: HOW DO YOU KNOW?

C: It stops eventually on the other side -- so I guess 4t
.STows down.

b
T: WHEN DOES IT STOP COMPLETELY ON THE OTHER .SIDE?

C: When it comes td .the top of the swing.
. .

T: DOES IT HAVE KINETIC ENERGY THERE?.

C: Not if it!s not` moving.
NI/

T: BUT,AT THIS SPOT ON THE TOP OF THE SWING WHAT KIND OF
ENERGY DOES 'IT HAVE ?' OR HAS IT NONE? 4,4

;

T: LET US LOOK AT THE SITUATION. THE BOB WAS 'MOVING -- IT

4

MOVED UP TO A CERTAIN HEIGHT.. IF I, 1J IT ALONE IT'WILL .

SWING DOWN AGA 'IN --)go WHAT -KIND OF ENERGY 'DOES IT HAVE AT
THE TOp?:(ou might use the schematic of swings asintro-
duc4d in the Guide eon page-438.)
.. -,

C: It willie potentil energy.. it's been ,raised (lifted) uf...-__'

'T: IF AL THE ,KINETIC ENERGY IT HAD AT THE BOTTOM WENT SACK '

TO'POTENTML, HOW, HIGH WOULD THE BOBI4bOT
a.,

Is .

C :. As high as it Oas released z.- irall the original potential
, energy went. into energy of'rMotion.

. .

7 1 : % I
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A
I,

T: NOW IN THE QUESTION ASKED, WHAT WOULD BE THE RESPONSE?
I REMEMBER THAT IT SAID THERE WAS NO, FRICTION.

C: (A) would be the answer. r74c'

WHAT MIGHT HAVE BEEN THE ANSWER IF THERE WERE FRICWN?

: Friction 'where? , 0
. ,

T: WHERE DOES FRICTION USUALW OCCUR?

C: When a 11 'bounces?-

T: ,WHERE ELSE?

C: When I rub,something?

T: YES. WHENEVER TWO THINGS RUB AGAINST EACH OTHER,ThE SAY
FRICTION IS INVOLVED. WHAT DO YOU OBSERVE WHEN YOU RUB

'THINGS TOGETHER? LIKE YOUR HAdDS?,

C: They get warm..

T: AND WHAT It THIS Ad.EVIDENCE

C: ,Heat energy.

T: SP IF SOME MACHINE HAS 10BBING'PARTS, WILL,ANY MECHANICAL
ENERGY Eig CONVERTED TO HEAT ENERGY?

. C: Yes, if there is friction.

T: THEN IN THE PENDULUM WHAT WOULD BE RUBBING?
4

C: 24he only things would be the string at the top.- /
,

...- ./
T: CORRECT. AND IF THERE IS FRI CTION IERE, WHAT MIGHT HAPPEN

TO THE POTENTIAL ENERGY WE GAVE THE BOB WHEN WE RAISED IT
.

. AT THE START?
.

. AP
,C: ...Some would get used'up in the friCtion. . ,

.

.f ;,;

T: UNDER THOSE CONDITIONS --(WHERE FRICTION. OCCURS) WHAT WOULD
BE THE RESPONSE -- THE SAME HEIGHT OR A LOWER HEIGHT?.

. . .

' .,. . . . , .

.-
LoWer height it would have less poteAtial ener0.'

.- ,
'

i
,
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Dilaj;gue B:

TIAlOw LET US LOOK. oAT SITUATION III, OF PART 3. IT IS 'VERY
SIMILAR. WHAT KIND OF' ENERGY DID BOBBY HAVE AT THE TOP/ OF

;SLIDE ?' (You' may wish to. read 'the situation again to
the child.)

C: Poltpential. ;N.

T WHAT KIND OF ENERGY DID HE HAVE AS HE SLID' OFF AT THE
,BOTTOM? 4

C: Kinetic energy - energy of motion.
. '

IF THERE WERR NO FR I ION, HOWCCH.KINETIC ENERGY WdULDC
HE HAVE' AS LEFT THE SLIDE?: ti

ZOO units as much as the pOteist ica:

T: COVIIrTHERE BE ANY "LOSSESF? WAS THERE ANY RUBBING OR
FRICTION? . e , `

\

C: Yes, it said that :Bob, y'apcmtLielt wdrm;.
:- r

T1 WHERE WAS THE RUBBING?
\

, .

, . .
.

..,

C: Between the seat of his.panta and the-: surfacev.cif the'SZi-de.i_ f- .,--- ..,

T: SO COULD HE LEAVE WITH 100 .UNITS-OF KINETIC -BNERGT? -..: -

-. '.. . . .
.

Q:- No. . ,- 714: .- -
.

.

,. 1

T: WHAT WOULD BE THE CORRECT, RESPONSE TO THISIDUESliON,TEEN?'
4

G: . It must be (B.).

: WHAT HAPPENED TO THE ENERGY bIFFE'RENdi?
.

DISAPPEAR? ,

A

Q: N2).; it was4i.n the :*_orm of' heat- ere4igy:form4d Sr(;fm
rubbing.

: 1 6 .
. .

T: IF WE GAVE BOBBY MOB POTENTIAL ENERGY 7100ST,ART 'WITH, HOW'
WOULD THIS AFFECT OW MUCH KINETIC :ENERM HE, IOUTA HAVE

a
1 : WHEN HE LEFT THE IDE/ ',,

.,
-

.

., ,
. ..'-. ...

. \
... ..... 4._ .. ',......

. . ,
4 :..., .

e".

4 I.'

4

C: He would have more- kinetic emergy. '
.

T: HOW CAS WE INCREASE HIS,P.E./

*
C: ,-Gie him a pruahl

18tj
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f' .. t

T: WHAT DETERMINESPOTENTIAL ENERGY? IA PUSH OR THE HEIGHT WE
10IFT-SOMETHING? '

_.
.

C: A push g'ets it moving so I guess the push gives .it kinetic,
potential energy depends on ,how high it is lifted so Bobby,
would have to go higher to have more potential energy.

. . A

T: S0 COUfD,(B) BE THE CORRECT RESPONSE?, ..

C: No.. because there' we say tht-ogli.de is nofas high.

. .

-1,
T:- WHAT IS THE CORRECT RESPONSE?

/
,,-. .

/
.;

A
.

;
C: It must be YC)... it's onlyt.tere that the slide will'be

41 much higher: A

T: .NOW, THE LAST QUESTION. WHAT MAKES HIS JEANS WARM?

C: Friction.

T: HOW DO WE REDUCE FRICTION?

.C: By reducing the rubbing action.'

T: WILL LUBRICATION DO TH;&?

C:. Yee.

T: WHAT 'SUBSTANCES MIGHT LUBRICATE OR SMOOTH THE RUBBING
.SURFACES?

C: I assume the wax that's mentioned in (A).
. .

COULD (B) BE A POSSIBLE ANSWER?

C: .Going down itapidZy doesn't .lessen the rubbing..

T: SO WHICU IS THE_CORRECT'RESPONS.

C: It must be (A).

17 .
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I Name: Page A
4

1. WHEN JANICE EXAMINED A PINCH OF SOIL WITH
FOUND SMALL PARTICLES OF MATERIAL THAT LOOKED
THE FOLLOWING BEST EXPLAINS HOW THE PARTICLES
THE SOIL?

A MAGNIFYING GLASS SHE
LIKE,LIKE, FINE SAND. OHIH OF
MAY HAVE BECOME A/PRT OF'

A. THEY WERE PRODUCED WHEN ROCKS WERE BROKEN UP.

B. THEY CAME FROM LIVING THINGS IN THE SOIL.

C. THEY WERE ALWAYS A PART OF THE SOIL.

'2. IN CERTAIN PLACES ROCKS ARE COVERED WITH GREEN CRUST -LIKE PLANTS
CALVED LICHENS. IF YOU REMOVED A PIECE OF THE CRUSTY LICHENS FROM A N
ROCK, WHA WOULD YOU BE MOST SURE TO FIND UNDERNEATH ITT-

A. OTHER SMALL PLANTS.

.' SMALL PIECES OF ROCKS.

C. SOLID ROCK.
1

3, ROCKS ARE-FOUND ALL OVER THE EARTH. THEY ARE FOUND IN PLACES WHERE
THE RAINFALL IS HEAVY. THEY ARE FOUND IN PLACES WHERE THERE IS VERY
LITTLE RAINFALL.. WHICH OF THE FOLLOWING BEST:DESCRIBES HOW ROCKS IN
PLACES WHERE THERE IS HEAVY RAINFALL MAY BE D FFERENT FROm_ROCKs IN
PLACES WHERE THE RAIN? LL IS MUCH LESS?

At SINCE ROCKS ARE VERY HARD THERE W ULD BE LITTLE DIFFERENCE..

E:. WHERE RAINFALL IS LE ' ROCKS MOULD yE DARKER.

C. .WHERE RAINFALL IS HEAVY ROCKS WOULD HAVE WORN AWAY MORE.

4. IN SOME PLACES THERE ARE MANY LARgE ROCKS IN THE SOIL. 'WHICH OF THE.
FOLLOWING BEST DESCRIBES WHAT IS HAPPENING TO SUCH ROC ?'

A. THEY...ARE SLOWLY' BECOMING-SMALLER.,

B. ,THEY ARE SLOWLY BECOMING HARDER.

THEY ARE SLOWLY BECOMING LARGER.

4

a

c.

1,
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Page B

S. TWO S
COLORED
EELS LESS
IN THE SOILS?

LES OF SOIL ARE,EXAMINE15 BY SOME cur
HAT FEELS ROUGH. THE OTHER IF A..DAR

H. WHICH OF TH FOLLOWING BAST

EN.. ONE,IS A LIGHT.:

-COLORED SOIL THAT
AINS TOJDIFTERENCE

A. .SOILS ARE MIXTURES OF LIVING AND'N NLIVING MATERIALS.

B. '.SOME sops MAY HAVE MORE MATERIAL FROM LIVING THINGS IN THEM

THAN OTHER SOILS.

C. SOILS ARE FO0i4ED BY TEE INTERACTION OF ROCKS WITH THEIR .

-ENVII1ONMENT.

1

I .

a

s
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1. MORRIS AND LOIS EXAMINED TWO SAMPLES OF SOIL. ONE WAS LABELED
e

S. 'LE A AND TgE OTHER SAMPLE B. SAMPLE A WAS A DARKER COLOR THAN
S. ,PLE B AND HAD MORE PIECES OF DEAD LEAVES, STEMS,ANb ROOTS IN IT.
WHEN WATER WAS POURED THROUGH EQUAL AMOUNTS OF EACH SOIL SAMPLE,,

SAMPLE A ABSORBED MORE WATER THAN SAMPLE B. BASED UPON THE ABOVE OBSER-
VATIONS WHICH OF THE FOLLOWING WOULD YOU SELECT AS BEING THE BEST STATE-
MENT REGARDING THE DIFFERENCES IN THE TWO SOIL SAMPLES?

A. 'BOTH SAMPLE A AND SAMPLE B WERLE-FdRMED_BY THE INTERACTION OF :/

ROCKS WITH 'THEIR ENVIRONMENT.
t , -

'B. SAMPLE CONTAINS ONLY LIVING THINGSANISSAMPLE B CONTAINS
ONLY PARTYMES OF ROCK.

; C.' SAMPLE IS PROBABLY A SAMPLE. OF SUBSOIL AND- SAMPLE A IS
PROBAB Y.A SAMPLE OF TOPSOIL.

o

2. JANET AND ELIZABETH WERE GIVEN TWO SAMPLES OF SOIL THAT HAD BEEN
REMOVED FROM THE SAME FIELD. AFTER THEY HAD, CAREFULLY EXAMINED THE TWO
SAMPLES, THEY HYPOTHESIZED THAT ONE SAMPLEiWAS SUBSOIL AND ,THE OTHER
WAS TOPSOIL. IF THEIR HYPOTHESIS WAS CORRECT, -WHAT COULD THEY EXPECT
TO HAPPEN IF THE SAME `NUMBER OF BEAN SEEDS WERE PLANTED IN EACH SAMPLE
AND BOTH SAMPLES 43 RE GIVEN, THE SAME AMOUNT OF WATER?

A. THE BEAN SEEDS WOULD NOT GROW IN SUBSOIL.\
,

B.
TOpSOIL.L , . . .

. .

C. THE BEANS. IN TOPSOIL WOULD GROW BETTER THAN
SUBSOIL.

THE\gEANS IN suBs611, WOULD GROW BETTER THAN

4
3. REREAD THE FIRST PART OF ITEM.-2,- ABOVE. JANET AND ELIZABETH DECID-
ED TO TEST THEIR HYPOTHESIS BY ANOTHER METHbD. 'THIS WAS TO BE DONE BY
PUTTING THE SAME AMOUNT OF .EACH SAMPLE OF SOIL IN,,AACH OF TWO PAPER
CUPS WHICH HAD SMALL HOLES IN THEIR BOTTOMS. _INTO E PAPER CUP THE
SAME AMOUNT OF; WATER WAS.POURED. THE WATER THAT PASS THROUGH EACH'
AMPLE WAS COLLECTED AND COMPARED., WHAT WOULD YOU EX ECT TO,BE THE

SULTS?

A. THE WATER PASSING THROUGH THE dUBSOIL WAS COLDER THAN THE-
WATER PASSING THROUGH THE TOPSOIL.

riHE BEANS IN

THEBEANS IN

. MORE OF THE WATER PASSED

C. THE SAME AMOUNT OF WATER

THROUGWSUWIL THAN TOPSOIL..

PAS* H)THROUGH EACSAMPLE.

vo'
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4. JOE AND FRED HAD THREE SAMPLES OF'SdIt. SAMPLE. ;14-S*TOPSOIL.

SAMPLE B WAS SUBSOIL. SAMPLE,C WAS SAND.k THEY GOT INTO,A DISCUSSION

REGARDING WHICH OF.THEIR SAMPLES, A OR B, WOULD REACT WITH WATER MOST

LIKE AMPLE C, THE SAND, WHEN THE WATER HOLDrft PROPERTIES OF. THE

SAM WERE COMPARED. THEY PERFORMEp AN EXPERIMENT AND FOUND THAT

'TOPSOIL LD MORE WATER THAN EITHER SUBSOIL OR SAND. FROM THESE'

RESULTS HEY CONCLUDED THAT SUBSOIL WAS.MORE LIKE SAND. WHICH OF THE

LOWING BEST EXPLAINS THEIR RESULTS? ale

Az TOPSOIL HAS MORE MATERIAL IN IT, THATIS NOW LIVING OR WAS
ciNCEpALIVE, THAN EITtlER OF- THE *HER SOILSAMPLES.

B. THE "SAND WAS FORMED $Y THE ACTION OF WIND, RAIN,AND HEAT
t

'UPON ROCKS. --

C. SUBSOIL HAS PARTICLES OF ROCK IN IT WHICH WERE FORMED BY,

THE INTE CTION F-SQSKS WITH BOTH LIVING AND NONLEVING THINGS

IN THEIR E. I MENT.

FP

N

5. TWO SAMPLES OF THE SAME AMOUNT OF DIFFERENT KINDS OF SOIL WERE

THOROUGHLY SOAKED WITI WATER. THE TWO SOAKED SAMPLES WERE,WEIGHED.

THEY WERE...THEN PUT INTO AWARK OVEN -UNTIL BOTH APPEARED TO BE DRY.

THE DRY SOIL SAMPLES WERE ,WEIGHED. -THEIR DRY WEIGHTS WERE COMPARED*-

WITH THEIR WET WEIGHTS TO FIND OUT HOW MUCH THEIR WEIGHTS ../kAD CANGED.

IIwAS FOUND THAT ONE SAMPLE LOST MUCH MORE,NEIGHTIHAN THE OTHER.

WHICH STATEMENT BEST EXPLAINS WHY TIIE.SOIL SAMPLESlLES LOST WEIGHT?

A. HEAT ENERYCAUSED THEPARTICLES 'OF SAIL IN THE SAMPLES TQ
GET,LARGER.d' . .. .

. .

7-

.

.

B. HEAT ENERGY BROKE UP THE PARTICLES OF SOIL AND MADE THEM

SMALLER.
NIP

C. HEAT ENER Y CAUSED THE WATE IN T E SOIL TO EVAPORATE.

. WHICH OF VHE SOILS IN Q ETON;,5
..;

A. THE ONE THAT LOST THE (GithoR
* k

B. THE ONE THAT LOST THE LESS

C. CAN'T TELL UNTIL YOU KNOW

I .

MORE LIKE A,SUBSOIL4

EIGHT.

-.

MUCH THE WEIGHT LOSS' WAS.

LJ

4
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1. FRESH FRUIT JUICE HAD BEEN SERVED AT A CLASS PART' ON THE LAST DAY

OF SCHOOL BEFORE A ONE-WEEK VACATION. .THE CLEAN-UP COMMITTEE OVER-

LOOKED A SMALL PITCHER CONTAINING 'SOME'OF TUE JUICE, WHEN THE CLASS

RETURNED TO THEIR ROOM AFTER THE VACATION, SOMEONE DISCOVERED THE LEFT-

OVER JUICE. IT WAS OTTE DIFFERENT FROM. THE FRESH JUICE THEY HAD HAD

AT THE PARTY. THERE WAS FROTH ON TOP OF Txg JUICE. IT SMELLED DIF-.

ERENT.. THE CHILDREN SUGGESTED.SEVERAL HYPOTHESCS.TO EXPLAIN WHAT HAD

CAUSED THE FROTH ON AN. JUICE AND ITS CIAN'GE IN ODOR. WHICH ONE OF 4

THE FOLLOWING HYPOTHESES DO yoq CONSIDER BEST?

A. SMALL PLANTS, SUCH AS YEAST, Mig HAVE GOTTEN' INTO THE JUICE.

"1111 B. 'SOMEONE HAD SHAKEN THE JUICE TO MAKE IT FROTH.

C. HEAT HAD CAUSED SOME OF THE,WATER BROM THE JUICE TOEVAPORATE,
THUS PRODUCING THE FROTH.

. ,

WHICH OF TliE EOLLOUING IS' THE BEST EXPLANATION OF)EROTH?'
.../ -

-

A. FROTH IS PORMED BY SMALL PARTICLES OF DUST FROM THE AIR.
. ,

B. FROTH IS FORMED BY BUBBLES OF_GAS.

4 Cl FAOTH, IS MADE UP 'OF COBWEBS

2. WHICH ONE OF THE FOLLOWING WOULD BE MOST CONVINCING IN
STRATING THAT SODA WATER CONTAINS CARBON DIOXIDE?

'

A. DRINK A'BOTTLE OF SODA TO SHOW THAT IT WILL MAKE YOU BELCH.

WHEN\..YOU SWALLOW CARBON DIOXIDE IT MAKES YOU BELCH.

....-..

X B.' PASS SOME OF THE.GAS FROM A'BOTTLE OF SODA, THROUGH A

BLUE-GREEN SOLUTION OF AN EXTRACT FROM RED CABBAGE TO SEE

IF IT TURNS PURPLE:
( ."

.

C. 'SHAKE THE BOTTLE OF SO1 TO SHOW THAT THE GAS WILL CAUSE

THE SODA(WATER TO SQUIRT. %

' ,

(t

, .

3. THE AVERAGE ,CONCENTRATION OPCARBON 140XIDE IN THE AI'R-ABOVE THE'

\-.
GROUND IS GENERALLY VERY SMALL. HOWEVER IT HAS BEEN FOUND THAT THE

,CONCENTRATION OF CARBOd DIOXIDE IN THE AIR TN SOILS IS !UCH HIGHER.

fil -OTHER WORDS THE AIR IN SOILS HAS MANY TILIES.MORE,'CARBON DIOXIDE

IN IT PER UNIT.VOLUME THAI' THE AIR ABOVE TH GRO131Oir 'WHICH OF THE

'FOLLOWING MATERIALS IN,SOIL IS MOST LIKELY TO CAW THIS CONDITYON ?.1

A. LIVING THINGS WHICH GIVE.OFF CARBON DIOXIDE.

.
ARTICLES OF ROCK WHICH ARDSHARE.

C. WATER WHICH MAKES THINGS WET.

-189
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4. Witt DIGGING IN THE SOIL JIMAND ART FOUND SOME OBJECTS THAT,
LOOKED' .EKE WORMS. 'HOWEVER, THEY DID NOT APPEAR TO BE ALIVE. HERE
ARE SOME QUE§TIONS THAT THE BOS AGREED THEY WOULD HAVE TO ANSWER BE
FORE THEY COULD BE MORE CERTAINWHETHER.THE OBJECTS WERE ALIVE. WHICH
'ONE IS THE BEST QUESTION TO ASK?

1

OILL THEY FLOAT IN WATER?

B. WILL THEY EAT LEAVES?,--

C. DO THEYGIVE OFF CARBON DIOXIDE?

c.

e

IJ

)

191.-
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I - Name: Page G

1. DURING PERIODS WHEN THERE WAS. LITTLE OR NO RAIN, ALVIN HAD TO'
WATER THEPLANTS AROUND HIS HOUSE TO KEEP THEM ALIVE. HE NOTICED THAT
PLANTS ON THE WEST SIDE OF- HIS HOUSE NEEDED MORE WATER TO KEEP: THEM
FROM WILTING THAN DID THE SAME KIND OF PLANTS ON TEE EAST SIDE OF ,HIS

HOUSE. BOTH SIDES OF THE HOUSE RECEIVED THE SAME AMOUNT OP SUNLIGHT
DURING THE 'DAY. AT REGULAR TIMES DURING THE DAY-HE HAD CHECKED THE
AIR TEMPERATURE (IN THE SHADE) IN130TH LOCATIONS AND FOUND THAT THE .

RANGE*IN THE AIR TEMPERATURE THROUGHOUT THE DAY WAS ABOUT THE,SAME.
-SINCE DIFFERENCES. IN AIR TEMPERATURE DID NOT APPEAR TO BE THE, CAUSE.,
WHICH OF THE FOLLOWING WOULD BE'THE NEXT MOST LIKELY CAUSE?

.
.

%

.v
DV

A. DIFFERENCES IN THE KINDS OF SMALL 'ANIMALS THAT*DZVE ON THE .

PLANTS z
.. f

6

B. DIFFEREkgS4V THE MOVEMENT OF. AIR AROUND THE PLANTS.
a

C. DIFFERENCES IN THE AMOUNT Or CARBON DIOXIDE IN THE AIR,

..

AROUND THE PLANTS. ? , ,,

,

4

2. WHEN'YOUNG CABBAGE PLANTS ARE TRANSPLANTED. FROM SMALL POTS TO THE ,..14

GARDEN, PAPER CAPS OR HOODS 'ARE GENERALLY PLACED OVER THE SMALL.PLANTS.
THEY ARE LEFT IN PLACE OVER THE PLANTS FOR SEVERAL DAYS. THIS-IS DONE

TO KEEP THE YOUNG ,PLAtiT.t FROM LOSING-TOO MUCH WATER VAPOR TO THE ALA

SURROUNDING THEM. WHICH OF THE FOLLOWING BEST EXPLAINS HOW THEPAPER
HOODS REDUCE WATER LOSS FROM YOUNG PLANTS?

A. REDUCES THE MOVEMENT. OF. AIR AROUND THE PLANT.

B. KEEPS THE RELATIVE HUMIDITY OF THE AIR AROMiD THE PLANTS HIGH.

C. BOTH OF THESE COULD EXPLAIN HOW THE*AbER HOODS WORK:

3. JANICE ANDiMURIEL DID AN E
SMALL PINETREE DR A GERANIUM
WATER TO THE AIR ,SURROUNDING
THE SAME SIZE. THEY WATERED
POTS AND THE'SOIL WITH PLASTI

14)

XPERIMENT TO FIND OUT WHICH .PLANT,,',
T,ABOUT-THE SAME HEZGHT, LOST MORE
.THEY OBTAINED POTTED PLANTS. OF ilEOUT
H PLANT WELL'., NEXT TREY COVERED gAE
THENYTHEY*SECURELY TIED'A PLASTIC

'BAG OVER THE STEMS AND LEAVES OF EACH,PLART AND PLACED THE. TWO WANTS
NEAR A WINDOW. 'AFTER 12 HOURS THEY, EXAMINED THEIR PLANTS BIND FOUND
THAT A GRIT DEAL OF WATER HAD CONDENSED-ON THE'INSII/E,OPTHE PLASTIC
AAG COVERI G THE GERANIUM PLANT. ,HOWEVER, HARDLY ANY W.1TEV<AD COpp'
DiENSED INSIDE THE BAG COVERING. THE LITTLE PINETREE. JANICE WA RIOUS

S TOWHY. THE-GERANIUM PLANT LOST MORE WATER THAN THE PINETREE. E'

rOLLOWING ARE SOME IDEAS THAT SHE THOUGHT ABOUT. 'WHICH pNE IS BEST

EXPLANATION, OF WHY THE GERANIUM LOST MORE WATER?
. ( c*r.

' '' A.' THERE WAS MORE WIND AROUND 'THE GERANIUM PLANT,

/ < ' . . . r*

B. GERANIUM LEAVE5rARg LARGER AND BROADER THAN N-INE NEEDLES,
.. .

C. PINE NEEDLES ARg SHARPER THAN GERANIUM LEAVES. ''-

i ,

, s
,

. .
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4. DARRELL HAS OBSERVED/THAT.THE POTTED PLANTS IN HIS, ROOM REQUIRE

MORE WATER INHE SUMMER, ON THE DAYS WHEN THE AIR-CONDITIONING EQUIP-
MENT IS OPERATING THAN WHEN IT IS NOT. HE HAS ALSO OBSERVEWTHAT HIS
PLANTS REQUIRE MORE WATER IN COLD WEATHER ,WHEN THE HOT-AIR FURNACE 1$

OPERATING. WHICH, OF THE FOLLOWING BEST EXPLAINS WHY DARRELL'S PLANTS

.
REQUIRE MORE WATER UNDER THESE CONDITIONS?

A. PLANTS'IOSa MORE WATER WHEN
THAN WHEN IT IS HIGH.

B. PLANTS LOSE MORE' WATER'WHEN
'IT IS HIGH.

THE RELATIVE HUMIbITY'3S LOW

THE TEMPERATURE IS LOW THAN WHEN

C. PLANTS LOSE MORE WATER WHEN THE AIRIS MOVING THAN WHEN IT

g STILL.

5. IN A GREE OUSE, PLANTS DO NOT.GENUALLY REQUIRE'AS MUCH WATER AS

TH .EY WOULD OUT F DOORS. WHICH OF THE FOLLOWING BEST EXPLAINS, WHY
THIS MAY BE SO?

A. THERE IS LESS MOVEMENT OF AIR INSIDE THE GREENHOUSE THAN

OUT OF DOORS.

B. THE RELATIVE HUMIDITY INSIDE THE GREENHOUSE IS USUALLY HIGHER

THAN OUT OF DOORS.

C. BOTH OF THESE ARE GOOD EXPLANATIOVS.

t..

IN 3
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1. PHIL HAD NOTICED THAT AFTER A HEAVY RAIN THERE WOULD PE MANY. EARTH-

WORMS ON THE SIDEWALK IN FRONTOF HIS HOUSE. ONE DAY IN UIS SCIENCE'

CLASS HE ASKED THE TEACHER WHY THIS'HAPPENED. THE TEACHER'DI' NOT
ANSWER HIM DIRECTLY BUT ASKED THE CHILDEEN IN Ttw CLASS TO SUGGEST POS-

SIBLE EXPLANATIONS OR HYPOTHESES. MANY HYPOTHESES WERE SUGGESTED.
THREE ARE LISTED BELOW. WHICH ONE SEEMS MOST REASONABLE?

A. EARTHWORMS MOVE OUT OF THE SOIL WHEN.IT BECOMES.SOAKED WITH

WATER.
'I

B. SOMETIMES WHEN.IT RAINS, IT RAINS EARTHWORMS.

C. WHEN THE SOIL IS,WET BIRDS CAN MORE EASILY REMOVE THE ZARTB-

WORMS. >

2. WHEN BUDDING TWIGS ARE CUT FROM ,LEAFLESS BUSHES IN THE WINTER TIME,

PLACED IN WATER, AND KEPT INDOORS, THE BUDS SOON DEVELOP INTO LEAVES

OR FLOWERS. WHICH OF THE FOLLOWING BEST EXPLAINS WHY THE BUDS DEVELOP

FASTER INDOORS?
.5

A. THE TEMPERATURE IS HIGHER INDOORS THAN OUTDOORS.

B. THERE IS MORE WATERINDOORS THANOUTDOORS.

C. THERE ISiMORE LIGHT ]NDOORS THAN OUTDOORS.,'

3. WHAT DO YOU EXPECT,WOULD HAPPEN TO THE VERY SMALL ANIMALS IN SOIL,

NEAR THE SURFACE WHENIT DRIES OUT AND BECOMES HEATED BY THE SUN?'

A. THE HEAT AND LACK OF MOISTURE WOULD KILL ALL OF THEM.

B. MANY WOULD MOVE DEEPER INTO THE SOIL WHE,E IT IS COOLER

AND MORE MOIST.

C. THEY WOULD MOVE TO TIDE SURFACE WHERE THEY COULD FIND SHADE

AND MOISTURE.

4, IF ffl.,1, AIR WERE REMOVED FROM A LARGE SAMPLE OF-FOIL, WHAT WOULD

HAPPEN TO THE THOUSANDS' OF SMALL ANIMALS IN IT?

A. THEY WOULD PRODUCE THEIR QWN AIR FROM' THE CARBON DIOXPDE

THEY GIVE OFF.,

B. NOTHING WOULDAIAPPEN TO THEM SINCE THEY ARE SO SMALL.

C. THEY WOULD DIE BECAUSE THEY NEED OXYGEN .IN ORDER TO LIVE.

197
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ti

5. WHICH OF THE FOLLOWING COMBINATIONS OF FACTORS.BEST DESCRIBE A
SUITABLESOIL ENVIRONMENT FOR .SMALL ANIMALS?

A. LIGHI?, WARM,

B. DARK, MOIST, HOT.

C. MOIST, DARK, WARM.

0.

_7
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I., A DRY GREEN SALT IS HEATED fN A TEST TUBE. DROPS OF WATER APPEAR

IN THE UPPER PART OF THE TUBE. THE SOLID iN THE BOTTOM OF THE TUBE

CHANGES COLOR. WATER PROBABLY CAN COME FROM THE DRY SALT BECAUSE THE

HEAT ENERGY ABSORBED BY THE GREEN SALT HAS:

.

A. DRIVEN OFF' WATER THAT IS BONDED TO THE G ALT.

' B. CAUSED WATER TO BE ABSORBED FROM THE 'AIRS

C. .CAUSED TA TOP OF THE. TUBE TO GET HOT.

7

Page

411

2. WHEN WATER IS ADDED TO A SALT IN WHICH ITS BONDED WATER HAD BEEN

REMOVED: , , ,

,
- I

'.)

,..

,

A. HEAT ENERGY IS GIVEN OFF.

B. HEAT-ENERGY IS ABSORBED.
1

0

C. NOTHING HAPPENS.
\

3.'WHEN HEAT ENERGY IS ADDED TO HYDRATED SALTS (WITH BONDED WATER

MOLECULES) IT IS MOST PROBABLE THAT:

A. THE HYDRATE*BONDS ,HOLDING THE WATER TO THE1*--SALT. ARE

STRONGER THAN THf""SALT -TO -SALT BONDS. .

f B. TEE SALT WILL MELT'BEFORE THE HYDRATE BONDS HOLDING THE
WATER TO THE SALT BREAK. 1

C. THE. HYDRATE BONDS HOLDING THE WATER -'O THE SALT WILL

GENERALLY BREAK ,BEFORE\THE T MELTS,.

,6

4

f
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Page 'B

4

TWO TEST TUBES CONTAINING EQUAL SIZED SAMPLES OF THE SAME BLUE SALT .

ARE.HEATED.' ONE OF THE TEST TUBES.IS HEATED LONGER THAN THE7OTHER'AND
THE SOLID TURNS YELLOW. NO CHANGE IS OBSERVED ti THE SALT,THAT,IS
HEATER FOR A-SHORTER TIME.
1. --

4. WHICH SAMPLE OF SALT PROBABLY ABSORBED MORETHEAT ENERGY?

A. THE SALT WHICH REMAINED BLUE.

B. THE SALT WHICH TURNED YELLOW.
7

C. THEY BOT6'ABSORBED T

,

E SAME AMOUNTOF ENERGI.e .i

4 0

5. THE SAMPLE OF SALTMHICH REMAINED BLUE IS NOW HEATED FOR A LONGER
TIME AND IT ALSORNS YEIJ.,OW. AFTER BOTH SAMPLES COOL, SOME WATER IS
ADDED TO ONLY ONE OF THEM, AFTER THE WATER' IS ADDED TO-THE ONE SAMPLE
9F Y4LLOW 'SALT IT BECAME LUE AND THE TEST TUBE BECAME VERY HOT. WATER
IS NOT ADDED TO THE OTHER SAMPLE'OF YELLOW SALT AND ITS COLOR DOES NOT
CHANGEr. WHICH SAMPLE OF SOLID SALT NOW HAS, MORE HEAT ENERGY?

A. THE SAMPLE,OF SALT WHICHREMAINED 'YELLOW.

B. THE SAMPLE OF SALT WHICH BECAME BLUE AGAIN.

BO SAMPLES CONTAIN THE'SAME HEAT ENERGY.

6. WHICH.OF THESE STATEMENTS IS TRUE REGARDING WHAT'HAPPENED IN 5
ABOVE?

A. SOME HYDRAtE BONDS' WERE BROKEN,WHLN THE SAMPLE OF YELLOW
SALT BECAME BLUE AGAIN.

B. .SOME HYDRA BONDS. WERE RE- FORMED, WHEN'THE SAMPLE OF YELLOW
. SALT BECAME BLUE AGAIN.

C. .HYDRATE` BONDS WERE FORMED IN BOTH THE YELLOW ANDkBLUE. SAMPLES
OF SALTS.

fr

if
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-
Page C

i . -

TASK I. IN THE FOLLOWING PROCESSES PLACE A 4. IN' THE SQUARE IF YOU
THINK HEAT ENERGY IS ABSORBED; PLACE A IF YOU. THINK HEAT ENERGY
WILL BE GIVEfi.bFF.

'

A.: (:,BREAK WATER-TO-.SALT BONDS Eil

B.. XTING E3

C. !liciBREAK MOLECULE-TO-MOLECULE BONDS
.i. I

D. .ADDING WATER TO A SALT FROM WHICH BOW5ED WATER. MOLECULES
HAVE BEEN REMOVED: El

0 ;

'

FORMING HYDRATE BOODS

4

F.

DISSOLVING

- ,, I_

, ,

,
...,

":

.

. :
...

TASK II, " EACH ITEM (A -F1 BELOW CONSISTS OF A PAIR, OF SUBSTANCES%

PLACE CIRCLE AROUND THE SUBSTANCE IN EACH PAIR.WHICH POSSESSES MORE
ENERG... BOTH SAMPLESAARE THE SAME SIZE AND ARE AT THE, SAME TEMPERATURE,

.

.

4,(/

, BLUE VITRIOL
- -

WHITE VITRIOL

/ B. A GAS

/7

,ITS LIQUID -:-

/ .C.' A SOLID ITS LIQUID

.,)D. ANHYDROUS SALT
?

HYDRATED SALT
d

DISSOLVED SALT THE SOLID SALT

,

F. STARCH -I9DINE COMPLEX

I

Ci

STARCIf PLUS IODINE

a

a

2

205
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PtIL._RERFORAED A-CAREFUL.EXPERIMENT WITH SOME CRYSTALS HE THOUGHT.

MIGHT BE HYPO (A HYDRATED SALT CALLED SODIUM tHIOSULEATE), Ht WANTED

TO FINDOUT IF CRYSTALS OFTHE SALT WERE REALLY HYDRATED, THAT IS

CONTAINED gONDED WATFRMpLECULE. HE ADDED 50 UNITS OF HEAT ENERGY TO

A WEIGHED SAMPLE OF-THE WHITE CRYSTALS,OF HYPO.

Name:, Page'D
s. -14° , .

.

1. AFTER .ADDING THE. HEAT ENERGY HE OBSERVED THAT THE CRYSTALS REMAINED

ia.cbriLukeN SHOULD BE THAT THE ORIGINAL SALT: .

A. G AS ,NOT A UYDRATED 'SALT SINCE A HYDRATE D SALT MUST CHANGE

. COLOR ON, HEATING.
7

.B. MIGHT BE. HYDRATED SINCE COLOR DOES NOT RAVE TO CHANGE WHEN

'
.THE ANHYDROUS SALT IS FORMED ON -HEATING1.

C. WAS EAS,fLr MELTED.

. .

4.'

2. PHIL AGAIN WEIGHED THE WHITE SALT REMAINING IN THE (PEST TUBE

AFTER, HEATING. 'IT WEIGHED LEES THAN BEFORE IT WAS HEATEt. THIS WAS

'PROBABLY BECAUSE:
4 .

' "' sON BEING HEATED, THE WHITE CRYSTALS LOST SOME WATER

. OF HYDRATION AND THEREFORE WEIGHED LESS.

13.. tOME SALT MELTED AND THEREFORE THE SAMPLE WEIGHED LESS.

C. ,SOME SALT EVAPORATED AND.LEFT THE SAAIDLR OF-SALT..

3. PHIL SUSPECTED THAT THE SALT CRYSTALS WITH WHICH HE STARTED HAD

.REEN REALLY 'HYDRATED, SALT CRYSTALS. HE DECIDED' 'O AYD A FEW DROPS

OF WATER TO `THE WHITE CRYSTALS AFTER THE 50 UNITS Oki HEAT ENERGY RAD

BEEN ADDED TO THEM., HE WANTED TO FIND OUT IF ANY HEAT ENERGY WOULD

BE TAKEN IN OR GIVEN OFF WHEN HE ADDED WATER. )IF SO, HE WANTED TO

MEASURE IT.' AS F ADDS THE WATER, THE CRYSTALS STILL .APPEAR ,TO 'BE.

/DRY. 'IF WHAT HE SUSPECTED,ABOUT THE ORIGINAL CRYSTALS WERE' TRUE WHAT "

ELSE SHOULD HE OBSERVE WEIN'HE ADDS A FEW DROPS.OF WATER TO THE SAMPLE

.OF SALT TO WHICH HEAT ENERGY HAD BEEN.ADDED?

A. THE SAMPLE SHOULD USE UP 50 UNITS OF HEAT ENERGY AND

BECOME COOLER? .

B. THE SAMPLE SHOULD: GIVE OFF 100 UNITS OF
WATER MOLECULES AGAIN .BOND, TO THE

C. THE SAMPLE SHOULD GIV OFF, 54 ITS OF

HYDRATE BONDS TO SALT RE-FORM.
4

HEAT ENERGY AS ;

HEAT ENERGY AS THE

207.
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BILL TOOK SOME CRY TALS OF WHITE SALT FROM A CONTAINER WHICH WAS
LABELED A, AND' PUT THEM IN A TEST TUBE. JAN ALSO TOOK SOME CRYSTALS

OF A WHITE SALT BUT FROM A CONTAINER LABELED B AND ITT THEM INTO A

TEST TUBE.- BILL AND JAN THEN ADDED A gEw DROPS OF WA'ItR TO THE WHITE

ORYSTALS'INEACH OF THEIR TEST TUBES.

.*"

1. THE TEMPERATURE OF BILL'S-TEST TUBE INCIEASED. IT BECAAE'VERY

HOT. WHAT IS POSSIBLY HAPPEN NG IN THE CRYSTALS OF 'HIS SAMPLE OF

SALT?

A. SOLID-TO-SOLID BONDS )RE BEIVG'BROKEN.

B. HYDRATE BONDS ARE BEING FORMED...'

C. WATkER IS BEING DRIVEN OFF.

2: JAN'S TEST TUBE' BECAME COOLER WHEN SHE ADDED THE WATER. SHE

ALSO OBSERVED LESS. SOLID THAN WHEN SHE STARTED. WHAT DO YOU THINK,

WAS HAPPENING IN THE. CRYSTALS OF HER SAMPLE OF SALT?

A. SOME OF THE 'WHITE SOLID DISSOLVED IN THE- WATER.

B. SOME OF THE WHITEISOLID EVAPORATED.

C. SOME OF THE WATER EVAPORATED.

3., WHY DID°JAN'S SAMPLE OF SALT BECOME COOLER?

A.' BONDS WITHIN THE CRYSTALS WERE BEING BROKEN.

B.' BONDS WERE BEING FORMED WITHIN THE CRYSTALS.

°C. BOTH OF THE ABOVE WERE HAPPENING.'

4. WERE THE TWO SUBSTANCES INVESTIGATED BY JAN AND BILL THE SAME?

A. YES.

. B. NO.,
,

C. THERE IS NO WAY TO TELL.

f. 200
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Name: Page A

,1.. IZAOU'''WERE TO EXAMINE A TREE, YOU WOULD FIND TH4 THREE THINGS BE:'
LOW._ WHICH WOULD 8t THE SMALLEST PART?

$1
A. A- I3EAF

, .

.A CELL

C. 2).TWIG
" 0.6

2. A PUDDLE. 0 WATER IS COMPOS
'WOULD BE -THE S LLESILPART?

A. A MOLECULE OF WATER

B. A DROP OF NWATER

9r THE THREE THINGS BELOW: WHIH

C.
,

A SMALL apP OF 'WATER
,

. I.

ja

3.. THE DEEP BLUE SOLUTION FORMED WHEN STXRCH AND IODINE INTERACT IS
COMPOSED'OF SEVERAL PARTS, INCLUDING HE FOLLOWING. WHICH OF THE PARTS
NOTED BELOW WOULD BE THE SMALLEST ? /, .---.

. 7
a

A. THE STARCH-IODINE COMPLEX
2

B. THE STARCH MOLECULE

C. A 2/4 TEASPOONFUL OF SOLUTION

2,

,

fa,

t

.1

4

\

I
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III Name: Page B

1. A. THE SMALLEST
LEAVES. ,

B. THE SMALLEST
CELLS.

PARTS THAT ALL LIVING THINGS HAVE Lei COMMON Tg.

PARTS THAT ALL LIVING THINGS HAVE IN COMMON ARE

2. . A. ALL IRON SULFITE CRYSTALS HAVE THE SAME SHAPE.
0 1

.

B. .IRON SULFATE MAY CRYSTALLIZE IN SEVERAL DIFFERENT SHAPES.

3. A. WATER MOLECULES ARE A PART OF ALL "RATE SALTS.

WATER.MOLECULES ARE A PART OF ALL KINDS OF.SALTS.

4. A. A PART OF THE BLUE VITRIOL MOLECULE IS COPPER.,

B.- A PART OF COPPERIS THE BLUE VITRIOL MOLECULE:

5. A.

I'

B.

EVERY, SALT CONTAINS SOME COPPER.

SOME SALTS DO NOT CONTAIN COPPER.

\

ti

04

a

(

4
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III Name: Page C
1

HERE ARE SOME' MORE PROBLEMS ABOUT PARTS OF.WHOLES. IN EACH ITEM BELOW
-YOU,WILL FIND A PICTURE OF A STRUCTURE MADE UP OF CERTAIN UNIT PARTS.
AN INTERACTION IS SHOWN WHICH RESULTS IN CHANGES IN THE ARRANGEMENT
OF THEa.44IT PARTS. COMPLETE THE STATEMENT OF THE INTERACTION BY
DRAWING THE CORRECT_FIGURE OVER THE QUESTION MARK OR BY COMPLETING THE
PICTURE OVER THE QUESTION MARK.

_HERE IS AN EXAMPLE:

& XO + Y-60- YO +

-TO COMPLETE THIS "INTERACTION AN X SHOULD PLACED OVER THE
COMPLETE STATEMENT WOULD READ AS:i

2..

XO + YO + X

""

4 [). 0 0
O

9, .

O +

11

A

)

10. *

'111
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'A Name: Page E

1. A-MODEL OF THE TWO PARTS OF A SALT MOLECULE IN A BLUE COLORED .

SOLUTION CAN BE'PICTURED AS: Z --- 0 WHILE A MODEL OF THE MOLECULES'

IN COLORLESS' OR POSSIBLEY SLIGHT YELLOW SOLUTION CAI BE PICTURED AS
0.147HICH COULD BE THE APPROPRIATE PAIR OF SYMBOLS FOR THE UNIT

P TICLES MAKING UP THE DISSOLVED SALT MOLECULES?

A. LS STANDS FOR COPPER,-AND 0 STANDS FOR SULFATE

, B. STANDS FOR IRON:AND & STANDS FOR, SULFATE

C., c) STANDS POR.COPPER, AND L STANDS FOR fRON.,.

-2. DOTTY PICKED UP TWO JARS EACH CONTAINING BLUE SOLUTION. SHE KNEW

THAT ONE SOLUTION CONTAINER COPPER SULFATE. IN ORDER TO IDENTIFY THE

OLU ON CONTAINING COPPER SULFATE, 'SIDE SHOULD:' ;

A. FILTER PART OF THE SOLUTION AND LOOK FOR 'HE APPEN44OE OF
, COPPER IN THE FILTER PAPER.

B. PUT A =PIECE OF IRON IN' PART OF THE SOLUTION AND LOOK FOR'
THE APPEARANCE OF COPPER IN THE IRON.

C. OBSERVE THE SOLUTION VERY CAREFULLY WITH A MAGNIFIER.'

, .

3. 'MORRIS DISSOLVE "SOME BLUE COPPER CHLORIDE SALT IN WATER. HE
DECIDED TO REFORM SOME CRYSTALS AND SO HE. PLACED SOME' OF THE SOLUTION

IN AN ALdMINUMPIE PAN. WHAT MIGHT HAPPEN?

A. A BIG HOLE WOULD APPEAR IN THE PAN AND SOME METALLIC
COPPER WOULD FORM.'

B. NOTHING WOULD CHANGE IN.Td APPEARANCE OF THE BLUE COPPER

1 CHLORIDE SOLUTION IN THE PAN.

C. THE WATER WOULD EVAPORATT VERY QUICKLY FROM THE BLUE
SOLUTION 'IN TH PAN.

/

3
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. III Name: Page F

LIZ IS DOING AN EX.ERIMENT WITH A_WHITE CRYSTAL NE SALT. SHE OBSERVED
THE CRYSTALS WITH A MAGNIFIER AND SAW THAT THEY WERE IN THE SHAPE OF

DIAMONDS, 0 . WHEN SHE HEATED SOME OF THE CRYSTALS 'IN A FLAME, THE.
FLAME tECAME RED.

0

1. LIZ DISSOLVED SOME OF THE CRYSTALS IN WATER. WHEN THE SALT
RECRYSTALLIZED, LIZ OBSERVED THAT THE CRYSTALS,WERE ALSO DIAMOND SHAPED.

SHE CONSIDERED THIS WAS TO BE EXPECTED SINCE:

-A. NDAMOND SHAPED CRYSTALS ARE ALWAYS FORMED BY WHITE SALTS.

H. SHE ALLOWED THE SOLUTION TO STAND OVERNIGHT. 4

C. WHEN THE SUBSTANCE DISSOLVED IN THE WATER, ITS COMPOSITION
HAD NOT CHANGED.

40 N

2. LIZ MADE UP SOME MORE SOLUTION. BY ACCIDENT SOME OTHER. POWDER
FELL IN. THE SOLUTION BECAME CLOUDY. SHE FILTERED IT AND SET ASIC
THE CLEAR-LIQUID WHICH CAME THROUGH. SHE OBSERVED THE LIQUID THE
NEXT DAY. LONG NEEDLE SHAPED CRYSTALS HAD 'FORMED. WHICH OF THE
FOLLOWING MOST LIKELY EXPLAINS WHAT HAPPENED?

A. THE SOLID SALT WAS THE SAME AS THE WE-SHE STARTED WITH
BUT THE CRYSTALS WERE LONGER.

B. DRYING OUT ALWAYS CHANGES CRYSTAL SHAPES.

C.. THERE WAS AN INTERACTION WITH THE POWDER AND A,
D FFERENT,KIND OF MOLECULE WAS FORMED.

0

3. LIZ THEN HELD THE NEW NEEDLE SHAPED CRYSTALS IN A FLAME, THE
FLAME WAS THE SAME COLOR RED AS SHE OBSERVED WITH THE DIAMOND CRYSTALS.
WHICH OF THE FOLLOWING BEST EXPLAINS WHY?

A. WHITE CRYSTALS ALWAYS PRODUCE RED FLAMES.

B. THE SAME UNIT PARTILE WAS PRESENT IN BOTH THE DIAMOND
AND NEEDLE SHAPED CRYSTALS. -,.

THE WATER AND THE POWDER INTERFERRED WITH THE TESTING;
IN FLAMh.

'1
""--

oft.

4
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III Name: Page G

4. LIZ DISSOLVED THE NEEDLE SHAPED CRYSTALS. SHE INSERTED A PIECE
OF METAL WIRE INTO THE SOLUTION. THE SOLUTION TURNED GREEN. SHE
MIGHT EXPECT THAT:

A. OVER A PERIOD OF TIME, THE SOLUTION'WOULD AECOME A DARKER.
GREEN.

B. A NEW KIND OF MOLECULE HAS BEEN FORMED FROM PART OF THE
METAL:

'.C. BOTH A AND B ABOVE-.

5. THE MOSTLIKELY REASON FOR THE ABOVE OBSERVATION IS THAT:

A. PARTICLES MAKING UP THE:METAL WIRE EXCHANGED PLACES WITH,
PARTICLES MAKING UP THE SALT MOLECULES IN SOLUTION.

\

B. METALS GENERALLY.FORM GREEN SOLUTIONS.

C. PARTICLES ARE COMING OFF THE WIkB AND MIXING WITH THE
DISSOLVED SALT TO MAKE IT GREEN.,

, 6. LIZ TESTED THE GREEN SOLUTION IN A FLAME: -IT.DID NOT MAKE THE
`'''..-ELAME RED, UT MADE THE FLAME PURPLE. WHAT IS THE MOST LIKELY REASON?

A: THE REEN MOLECULES IN THE SOLUTION AND THE ORIGINAL RED
FLAME WOULD MAKE THE FLAME PURPLE.

B. THE UNIT-PARTICLE RESPONSIBLE FOR THE RED FLAME IS NO
LONGER. A PART Ok_THE MOLECULES IN' THE SOLUTION.

C. BOTH OF THE ABOVE ARE TRUE.

7. LIZ TESTED ANOTHER PIECE OF THE SAME METAL WIRE, .IT IS MOST
PROVABLE THAT THE WIRE WOULD PRODUCE A FLAME THAT WAS:

A: RED

B. PURPLE

' C. COLORLESS

0

8. LIZ DECIDED TO GROW CRYSTALS FROM THEGREEN SOLUTION SHE HAD MADE.
WHICH OF THE FOLLOWIIG WOULD SHE MOST LIKELY OBSERVE FOR THE CRYSTALS.
WHICH FORM?'

,---

A. THEY MIGHT BE COLdRED.GREEN.
. ,

B., THEY WOULD CERTAINLY BE' NEEDLE SHAPED:

C. THEY MrGHT.BE COLORED ,PURPLE AS WAS THE FLAME..::

207
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T E SITUATIONS HAVE TO DO WITH EXPERIME TS DONE IN A CLASSROOM IN
ANOTHER COUNTRy. THE CHILDREN OBSERVE AND THEN EXPLAINED WHAT THEY
THOUGHT WAS HAPPENING TO THE MOLECULES. THEY USED WOR "EQUATIONS":
SOME OF THE NAMES THEY USED FOR PARTI LES WERE DIFFERENT FROM THE ONES

WE USE. IN GENERAL, THEY FOUND THE FOLLOWING 0 OCCUR IN THEIR OBSER-

VATIONS:

Name: 'Pa

d

CHLORIDE CRYSTALS WERE CUBE-SHAPED.

SULFATE CRYS ALS WERE NEEDLE-SHAPED.

NITRATE. CRYSTALS WERE ANGLE-SHAPED.

AND III A FLAME "COPIUM" MADE IT RED.

"SCHOOLIUM" MADE IT GREEN.

CEACHIUM" MADE IT YELLOW.

TASK I: COMPLETE Tilt FOLLOWING WORD EQUATIONS BY FILLING IN THE'

BLANK LINES.

A. SCHOOLIUM 4.TEACHIUM SULFATE --41- TEACHIUM + SULFATE

B. COPIUM + SCHOOLIUM CHLORIDE ----4SCHOOLIUM + COPIUM

eC COPIUM +.TEACHIUM SULFATE + 'cOPIUM SULFATE

D. POTASSIUM + COPIUM CHLORIDE --(1. + POTASSIUM CHLORIDE

1r
TASK II: KEEP IN MIND THAT THE FOLtOKING COLORS ARE'PRODUCED N FLAMES

BY THE INDIVIDUAL UNIT PARTICLES: COP1UM PRODUCES RED; SCHOOL UM PRO-

DUCES GRN; TEACHIUM PRODUCES YELLOW.
, .

NOW, IN THE ABOVE WORD EQUATIONS, PACE A YON ALL THE SUBSTANCES WHICH'
COULD.MAKEA FLAME YELLOW, AND AN R ON ALL THE SUBSTANCES WHICH WOULD

MAKE A FLAME RED. .
-. ,

V4

O

1
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TASK 'KEEP'' IN MIND THE OBSERVATIONS THAT CHLORIDES FORM CUBES,
SULFATES FORK NEEDLES, AND NITRATES FORM ANGLED CRYSTALS. NOW IN THE
F0141.49WING I0IST OF SALT'OOLECULES PLACE A SQUARE NEXT TO THE
MOLECULES YOU EXPECT TO)PORM CUBES WHEt1 THEY CRYSTALLIZE AND A
NEXT TO THOSE WH H YbU EXPECT TO FORM NEEDLES. HERE 'IS THE LIST.

A. POTASSIUM CHLORIDE

(B. COPIUM SULFATE

C. TEACHIUM CHLORIDE

D. TEACHIUM/SULFATE

E. 000PIOM NITRATE
-"\

,, F. .SODIUM CHLORIDE

G. 'SCHOOLIUM NITRATE

H. COPPER NITRATE

111
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Name: Page

"

;

SITUATI9N : BETTY WAS INVESTIGATING A CERTAIN WHITE CRYSTALLINE
-SOLID.. SHE FOUND THAT IT WOULD MELT WHENEVER IT WAS PLACED NEXT .
TO 4 SURFACE WITH A TEMPERATURE OF 45°C. THE FOLLOWING GRAPHS -.

REPRESENT THE'VOLUME-TEMPERATURE PROPERTIES OF FOUR DIFFERENT PAIRS
OF WATER SAMPLES, 7,Air #2

1

1 , 1 2 1 2 3

Sample Sample
A 11:.

MEASURES

Pair 43

70,

60

Mix

40

o .
30

1 20

W
a,

M 10

1 .1 2 A"
Sample ample

MEASURES

0

w

6

2 4 1

Sample Sample
°C D

MEASURES

pair 14

6o.

1 2 3 1 2

Sample aMforle 2
H '

MEASURE/

210-r
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iv Page B

IN THE FLANK SPACES BELOW ENTER THE NUMBER OF h.e.u.'s IN EACH.
LE:

PAIR #1 SAMPLE A. SAMPLE B.

SAMPLE C. SAMPLE D.PAIR #2

PAIR #3

PAIR #4

SAMPLE E. SAMPLE F.

SAMPLE G. SAMPLE H.

2. TO THE RIGHT OF EACH PAIR OF GRAPHS CONSTRUCT A GRAPH WHICH SHOWS,
THE VOLUME-TEMPERATURE PROPERTIES OF THE MIX OBTAINED WHEN THE TWO
SAMPLES OF THE PAIR AREJ3OURED TOGETHER. NOTICE THAT THE FIRST ONE
IS ALREADY DONE FOR YOU.

3. NOW LOOK AT HE GRAPHS OF THE PAIRS OF WATER SAMPLES (BEFORE' THEY
WERE MIXED). WITH YOUR PENCIL MARK THE h.e.u.'s ON THE GRAPH ,WHICH
ARE TRANSFERRED OUT FROM ONE OF THE SAMPLES IN EACH PAIR. NOTICE
THAT THE FIRST ONE IS ,ALREADY DONE FOR YOU, BELOW.

Pair .#3.

1 1 2 /1 2 3

Sample Sample Mix .,

A

MEASURES

211
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Page' C

4. BETTY FOUND THAT THE WHITE CRYSTALS MENTIONED EARLIER WOULD MELT
WHEN PLACED NEXT TO_SAMPLE F. WHICH OF THE OTHER SAMPLES CAN ALSO
MELT THE4CAYSTALS? n, C, D, E OR G? CIRCLE THE LETTERS OF THE
SAMPLES:-

' 5. THE MIX MADE FROM SAMPLES E AND F COULb ALSO MELT THE CkYSTALS.
THIS WOULD HAPPEN,BECAUSE: ..,

.. -.
. , - .

A. THE MIX CONTAIWALL THE h.e.u.'s'OF EACH SAMPLE.
,.. J '

B. THE TEMPERATURE OF THE MIX WAS HIGH ENOUGH TO MELT THE
SOLID.,

C. MIA CONTAINS SO MUCH MORE' WATER THAN THE SEPARATE
LEES-g,

4

6. IT WOULD BE'EXPECTED THAT THE WHITE SOLID WOULD BE MELTED BY ALL
THE MIXES BECAUSE:

A. EACH SAMPLE MAKING UP THE 41IX COuLD'MELT THE SOLID. ('

B. THE MIX, CONTAINS MANY MOREh.e.u.'s THAN THE SEPARATE 'SAMPLES.
5

, PC. THE STATEMENT, LS REALLY NOT TRUE.

$

.

.t ,

4

c
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ti

4

SITUATION II: MURIEL HAD A LARGE CONTAINER WITH 10 MEASURES OF
WATER rN IT. THE TEMPERATURE OF THIS SAMPLE WAS 10°C. SHE PLACED
INTO THIS LARGE SAMPLE OF WATER A SMALL STOPPED TUBE CONTAINING
ONLY,1 MEASURE OF HOT TEA. THE TEMPERATURE OF THE TEA WAS 80°C.
HERE ,ARE SEVERAL STATEMENTS ABOUT' THIS SITUATION. ,CIRCLE THE 'LETTER
OF THERESPONSE WHICH BEST COMPLETES EACH STATEMENT.

1. ;IF MURIEL CALCU
PLACED THE TUBE
THAT: . '

TED THE HEAT ENERGY IN EACH SAMPLE BEFORE SHE
EA IN THE LARGE.SAMPLE OF WATER, SHE WOULD FIND

A. BOTH SAWES CONTAIN THE SAME AMOUNT OF HEAT ENERGY.

B. `'HE SMALLER SAMPLE OF TEA CONTAINS MORE HEAT ENERGY THAN .

THE LARGER SAMPLE OF WATER.

C. YTHE LARGER SAMPLE OF WATERfCONTAINS MORE HETh ENERGY THAN
THE SMALLER.SAMPLE OF TEA.

2. AFTER' THE TUBE WITH TVE TEA WAS SITTING IN THE WATER SAMPLE FOR
AfFEWMINUTES MURIEL SHOULD :EXPECT THAT:

° X. HEAT ENERGY WOULD BE TRANSFERRED OUT OF -THE SMALLER SAMPLE.

B. HEAT EN4RGY, WOULD BE TRANOERREDOUT cie THE LARGER SAMPLE.
/

C. TH,RE WOULD BE NO "iRANSFER OF HEAT El1ERG/1 FROM EIjIER SAMPLE.
,

'3: AFTER THE0qUEE WITH THE TEA WAS
FOR ABOUT,10 MINUTES,,MURIEt DECIDE
,EACH SAMPLE.', SHE SHOULD NrEC%,,TO FI

A. THE TEMPERATURE OF BO;lii SAMPLES WOULD BE THE SAME.

.04

LEFT IN THE CONTAINER OF WATER
TO MEASURE THE TEMPERATURE OF

'THAT: a,

B. THE TEMPERATURE OF THE SAMPLE OF TEA WOULD BE HIGHER THAN -
THE LARGER SAMPLE OF WATER.

C. THE'TEMPERAiTIRE OF THE LARGER'SAMPLE"OF WATER WOULD BE
-

HIGHER THAN THE SMALLER SAMPLE OF TEA.

. AFTER 10::MINUTES MURIEL WOULD NOTICE THAT: 0
1$

#

A. -THE ORANGE TEA COLOR HAD SPREAD THROUGHOUT THE LARGER
CONTAINER OF WATER. a \N

I. i %

B. THE ORANGE COLOR OF THE. TEA HAD BECOME DARKER.

C., THERE WAS NO CHANGE IN THE COLOR OF THE LIQUID IN EITHER

kCONTAINER.

O

qt.
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e
SITUATI III: DARRELL PUT A METAL B'ICYCL'E IN'HIS ROOM. 1;HE

'ITMPE RE OF ,THE ROOM WAS. 25°C. LATER WHEN HE TOUCHED THE METAL
PARTS' OF THE BICYCLE'IT"MADE HIS HAND' 41, COOL:. .HE KNEW THE,

, TEMPERATURE OF HIS 'BOY WAS GENERALLY ABOUT 37°C.
p , ,

, ,.
.. r

1.-'IN,.EXPLAINIMG WHY MIS HAND FELT COOL WHEN HE TOUCHED THE 'BIKE
DARRELL REASONED THAT. THIS WAS BECAUSE: .' - :/

A METALS ALWAYS FEEL COO L TO THE TOUCH.," 1,
.

.

' B. THERE WAS A TRANSFER OF HEAT ENERGY 1110M. HIS HAND4TO
THE BIKE.... ,

4cC.. , . e

C. HEAT ENERGY ALWAYS-TRANSFERS OUT-OP A ERScirLS BODY.
0 S.

2.' IN THE SUMMERTIME HE STOREDTHE BIKE IN A CLOSED, ROOM IN WHICH
THE TEMPERATURE WENT UP TO 40°C (THAT IS, 104° ON THE FAHRgiEIT.
SCALE!).' WHAT MIGHT DARRELL NOW EXPECT TO FEEL- AS 'HE FICKED.VP
HIS METAL BIKE?

A. IT WIL FEEL HOT SINCE ITS TEMPERATURt. IS'HIGAR THAN
DARREL 'S BODY TEMPI-RATURE..

B. IT WILL STILL FEEL COOL TO THE TOUCH SINCE THE BIKE IS AADE'

OF METAL.
. %

C. IT WILL FEEL NEITHER COOL NOR HOT SINCE THE TEMPERATURE IS
NORMALLY H H IN THE SUMMERTIME. c ,"

SITUATION .IV: SUPPOSE THATYOU HAVE 5 MEASURES OF WATER AT 15°C IN A
METAL CUP SUSPENDED IN A LARGE CONTAINER HOLDING 10 MEASURES OF WATER

AT 10°C. SOON- HEAT ENERGY,. WILL BE TRANSFERRED FROM:'

A. THE WATER OUTSIDE TO THE WATER INSIDE THE CUp. BECAUSE
THERE ARE FEWETh.e.u.'s TN THE WATER IN 'THE CUP.

B. INS DE THE CUP TO THE OUTSIDE, BECAUSE HEAT ENERGY
FERS FROM HIGH TEMPRATURE TO LOWTEMPERATURE.

, C. IN NEIT R DIRECTION BECAUSE THERE IS NO DIRECT CON
. TACT B WEgN THE TWO SAMPLES OF WATER..

\
ti

11.
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IV Name: Page F

.
N . .

HERE YOU WILL FIND PAIRS OF STATEMENTS. ONE OF THE STATEMENTS IN EACH
PAIR IS TRUE:AND THE OTHER .IS NOT TRUE. READ BOTH STATEMENTS
SILENTLY TO,YOURSF,LF WHILE I READ THEM ALOUD TO YOU. AFTER I HAVE
READ BOTH STATEMEN S DRAW. A CIRCLE AROUND THE LETTER OF THE STATEMENT
WHICH IS .7MB%! -

, \aft. .

A. HEAT ENERGY IS TRANSFERRED ONLY FROTA REGION OF LOW
TEMPERATpRE TO A REGION OF HIGH TEMPERATURE.

B. HEAT ENERGY IS TRANSFERRED ONLY. FROM A REGION OF HIGH
$ TEMPERATURE TO A REGION OF LOW TEM1,42.ATURE.

WHEN TWO SAMPLES OF WATER' ARE MIXED:
.

A. THE HEAT, ENERGY OF THE MIX IS THE SUM OF THE HEAT
ENERGIES OF THE TWO SAMPLES.

6. THE TEMPERATURE! OF THE MIX IS THE 'SUM OF THE TEMPERATURE
OF THE TWO. SAMPLES.

7

. WHEN,A SAMPLE OF A SOLtpLE SUESTANCE IS PLACED IN.CONTACT WITH.... -
WATER, ITS MOLECULES:. )

.a

A. SPREAD OLA UNTIL THEIR CONCENTRATION IS THE SAME'
THROUGHOUT ALL THE WATER,- INCLUDING WHERE THEY WERE

. .ORIGINALLY PLACED.
S

B. SPREAD OUT INTO THE WAVER AND CONCENTRATE IN REGIONS
AWAY FROM WHERE THE SAMPLE WAS FIRST PLACED.

. A. A SAMPLE OF PURPLE COLORED GAS WILL DIFFUSE THROUG,! THE I \
AIR AND BECOME LIGHTER IN COLOR AS IT DOES.

a

S. ASAMPLE OF PURPLE COLORED GAS WILL DIFFUS PHZOUGH THE
. AIR AND DARKEN AS IT DOES.SO.

4:

r

a.

1

r

239



. "'"

gage, Gr

. , ,, .

. 1. A TEA' BAG IS PLACED'IN A LARGE POT FILLED WITIPWARM WATER.
WHAT WILL BE:OBSERVED IMMEDIATELY? I

%. .
.

.

A. ALL THE WATER' IN THE POT WILL.BECOME,AN.ORANGg COLOR,
SHE COLOR OF THE-TEA. .

B. ONLY THE -WATER. AROUND THE TEA BAG WILL BECOME AN ORANGE
COLOR. .

t C. WATER-IN,DIFFERENT PARTS OF THE POT WILL BECOME AN
ORANGE'COLOR.

.
. .

2. AFTER A FEW MINUTES, WE WOULD EXPECT THAT:

A. ALL THE WATER IN THE'POT WILL.BECOME THE SAME ORANGE'
COLOR

B. ALL THE WATER WILL BE ORANGE BUT THE COLOR%014,THE
WATER NEAR THE SIDES OF THE POT WILL, BE LE S.

C. THE ORANdECOLOR WILL BE OBSERVED ONLY NEXT TO THE-
SIDES OF THE TEA-POT. ,

.3. BOB BROUGHT SOME VERY 'SWEET SMELLING ROSES TO JAN. SHE PUT
THEM LNIA ROOM AND THEN TOOK A NAP. . WHEN SHE AWAKENED, SHE SHOULD
,EXPECT THAT:

C -
A. THE ODOR OF THE RQSES WOULD BE OBSERVED'JUST AROUND THE

FLOWERS.

THE ODOR OF THE ROSES WOULD PROBABLY BE OBSERVED
THROUGHOUT THE-ROOM.

°C. THE ODOR OF THE ROSES WOULD BE OBSERVED ONLY NEAR THE
WINDOWS AND DOOR.

r,

6
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Name: Page H

sEQuEdc I:- THESE PICTURES REPRESENT A BAG OF COLORED SOLUTION AND
SOME CLEAR WATER. THE MOLECULES OF WATER, AND OF DISSOLVED COLORED
SUBSTANCE CAN'MOVE'THROUGE ITS WALLS. PLACE AN A ON TILE PICTURE
WHICH SHOWS WHAT MIGHT BE FIRST IN'THE SEQUENCE AND A Z ON THE
PICTURE' YHICHSHOWS WHAT WOPLD BE ThNING, LAST IN THE SEQUENCE.

2

I .I,

A

r

SEQUENCV//: 'THESE PICTURES ALSO REPRESENT A SEQUENCE OF EVENTS
WHENA COLORED 'SOLUTION IS PLACED NEXT TO WATER BUT SEPARATED BY
WALLS OF A CELLOPHANE BAG THROUGH WHICH ALL THE MOLECULES CAN MOVE.

2 AGAIN PLACE AN A ON THE PICTURE WHICH SHOWS WHAT MIGHT BE FIRST IN
THE SEQUENCE AND A Z ON THE PICTURE WHICH SHOWS WHAT WOULD BE
HAPPENING LAST IN THE SEQUENCE."

.; 9

EEQUtNCE,III: CLEAR WATER AND A THICK SYRUP.CONTAIN/NG SUGAR MOLECULES
.WERE POURED INTO THE SAMe TEST TUBE. THE X's IN THE PICTURE REPRESENT
THE 0SUG4 MOLECULES. ,PLACE AN A ON THE PICTURE WHICH REPRESENTS THE
BEGINNING OF.THE SEQUENCE AND A Z ON THAT PICTURE OF THE SEQUENCE AFTER,

,THE'MIXTURE HAD BEEN STANDING FOR A TIME..

1

is0

e
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f * a.

SEQUENCE IV: THE FOLLOWING GRAPHS REPRESENT A SERIES OF TEMPERATURE
MEASUREMENTS TAKEN AT'.DIFFERENT PO9ITIONS ALONG A METAL SPOON THAT IS

.
SITTING IN A.CUP FILLED WITH VERY HOT CHOCOLATE. FIVE, TEMPERATURE
MEASUREMENTS ARE MADE: ;#1 WAS MADE AT A' POSITION ONkTim SPOON
_CLOSEST TO THE HOT LIQUID. #.5 WAS MADE ON THAT PART OF THE SPOON ,

FARTHEST AWAY.. A RECORD OF THE TEMPERATURES WAS MADE 4ND A- GRAPH
WAS CONSTRUCTED TO- SHOW HOW JIM TEMPERATURES AT THE DIFFERENT .POSITIONS

ALONG THE.SPOON COMPARED'WITH EACH OTHER.

eg'

, o

a)PLACE 4!,RIDER.1HE GRAPH WHICH BEST REPRESENTS THE TEMPERATURES,

YOU WO tictd&IT DIFFERENT PdSITIONS ALONG' THE SPOON.

At 1, -"3 4 5

POSITION

Haa

a
2 J

1 2 3 4 5

POITION

a

#1 2 3. 4 5

.4
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b. IF ALICE SHOULD DECIDE TO PICK UP THE SPOON, AT WHAT
POSITION SHOULD SHE PLACE HER FINGERS?

A. AT POSITION' #1

B. AT POSITION #5

C. AT POSITION #3
11Ps

c. THE SPOON IS TAKEN OUT OF THE HOT CHOCOLATE AND PLACED
ON THE TABLE.,IAFTER ABOUT 20 MINUTES ALICE MEASURES THE
TEMPERATURE AT THE SAME FIVE POSITIONS ALONG THE METAL
SPOON. ON THE CHART BELOW PLACE DOTS TO SHOW WHAT A

RECORD OF THE FIVE DIFFERENT TEMPERATURES ALONG THE SPOON
WOULD LOOK LIKE. THE TEMPERATURE AT POSITION #3 IS 'ALREADY

ENTERED.

*Yr

Ri

1 2 4 5
. ,
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o
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'Page A

"SITUATION I: DARRELL VISITED A SCIENCE CLASS AND' OBSERVED THREE TEST
TUBES TO WHICH BLUE FOOD COLORING HAD BEEN.ADDED, THEY LOOKED LIKE THE
DIAGRAMS BELOW. THE DOTS SHOW WHERE.'THE BLUE FOOD COLORING WAS SEEN.

1

TUBE A

C=>

I

TUBE B TUBE C

1. WHICH TUBE PROBABLY HAD BEEN STANDING THE LONGEST TIME?

2. WHICH TUBE WAS THE LIGHTEST BLUE COLOR?

SITUATION II: JAN HAD A SMALL FISH BOWL SHAPED LIKE A BALL. SHE
FILLED IT ALMOST TO THE TOP WITH LIQUID GELATIN. BEFORE THE GELATIN
IN THE BOWL SET, JAN PLACED SOME RED FOOD CODORING AT THE BOTTOM OF
THE BOWL. AFTER THE GELATIN HAD SET SHE PLACED SOME BLUE COLORING 0
TOP OF THE GELATIN. THE BOWL LOOKED LIKE THAT SHOWN BELOW IN FIGURE D:

FIGURE D FIGURE E

220
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IN FIGURE D:
6 REPREgENTS WHERE RED ,IS SEEN.
',REPRESENTS' WHERE BLUE IS SEEN.

Page''B

1.. IN FIGURE E, SKETCH kHAT THE BOWL WOULD LOOK LIKE AFTER SEVEltAL
WEEKS,. REMEMB R THAT STANDS FOR GLUE ,AND 0 STANDS -FOR RED.

2. WHAT WOU E THE COLOR NEAR THE TOP?

3. WHAT WOU40 BE THE COLOR NEAR THE MIDDLE?

IN FRONT OF:'.EACH OF THE FOLLOWING STATEMENTS ABOUT THE MOLECULES OF

FOOD COLORING IN THEFISH(BPWC773IRCLE THE Y FOR.,YES YOU AGREE;
CIRCLE THEN,.FOR NQ, IF YOU DO gOT'AGREE.

Y N 4.. ALL THE MOLECULES OF THE RED FOOD COLORING MOVED TO THE
TOP, AND THEN SOME SANK DOWN DUE TO GRAVITY1

5. 'ONLY THE MOLECULES OF THE RED. FOOD COLORING IN THE TOP
LAYER MOVED,UP; THE OTHERS DIDN'T MOVE.

Y N 6. ALL MOLECULES OF BOTH FOOD COLORS MOVED IN ALL DIRECTIONS.

r

Y N 7. ',THOSE WHICH HIT THE BOWL EITHER STOPPED OR MOVED BACK
INTO THE GELATIN AGAIN.

N, 8. THE DIFFERENCE IN SHADESiOF COLOR SHOW MOLECULES NOVED'

FROM LOW CONCENTRATION TO HIGH CONCENTRATION REGIONS.

04)

Y N 9. ALTHOUGH MOLECULES MOVED RANDOMLY IN-ALL DIRECTIONS,
THE OVERALL RESULT IS PREDICTABLE.

221'.
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SITUATION III: SIX ,CHILDREN (DAVID, GENE, PETER ,JANE, PAULINE AND
HENRY) DECIDED TO HAVE A CONTEST TO SEE'WHICH ONE COULD GET TO A SPACE,
MARKED GOAL, FIRST, AS SHOWN IN,FIGURE F. THE RULE OF THE SAME IS
THAT THE RESULT OF SPINNING THE POINTER' OF,A SPINNER, AS SHOWN IN
FIGURE V, DECIDES EACH MOVE. MOTHER RULE OF THE GAME IS THAT MOVES CAN
ONLY BE MADE FROM ONE SMALL CIRCLE-Nt-ANOTHER,ON THE GRID.-vIF A PLAYER
CAN NOT MAKE THE MOVE SHOWN, ,(BECAUSE THB4MOVE WOULD' TAKE HIM OFF THE
'GRID) HE LOSES HIS TURN, AND STAYS WHERE fiE IS UNTIL HIS NEXT TURN.

FIGURt F,

4*

THE GAME
GRID

GOAL

?s e 74c

GENE,'
JANE
(START)

f

DAVID
HENRY
(START)

'PETER
PAULINE .(START)

DAVID'S FIRST TWO MOVES'WERE L AND F,
TWO MOVES WERE BOTH F'S. PETER MOVED
AND HENRY ALSO TOOK THEIR TURNS. A B

ONE BACKWARDS.

't

FIGURE,G.

THE SPINNER

(LEFT AND--FORWARD).. GENE'S FIRST
F AND R (RIGHT). 'JANE,-PAULINE
ON THE SPINNER WOULD MOVE SOME-

t a

1. PLACE A D, G, AND P ON THE GAME &.RID TO SHOW WHERE DAVID, ,GENE
D PETER ARE AFTER THEIR SECOND TURNS.

FOR EACH OF THE FOLLOWING STATEMENTS: CIRCLE HE Y IF YOU AGREE WITH'
THE STATEMENT; CIRCLE THE N.IF YOU DO NOT AGREE; -CIRCLE THE C IF YOU

CAN'T TELL.

Y, N,, C AT THE BEGINNING, PETER -AND PAULINE HAVE A BETTER
r-feHANCE BECAUSE THEI t PATH IS STRAIGHT TO THE GOAL.

N, C. 3. ALTHOUGH HE'S HAD F'S IN A ROW, GENE HAS THE SAME ,

CHANCE OF StTTING AN F AS PET R DOES ON THE THIRD SPIN.

222
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Y, N, C . 4. 'THE CKANCE (PROBABILITY), OF LOSING Al 'TURN, AT-THE
BEGINNING IS GREATER FOR DAVID THAN IT IS FOR GENE.

Y, N, 5. THE CHANCE (PROBABILITY) OF LOSING ,A TURN, AT THE
BEGINNING IS GREATER FOR PETER THAN FOR GENE.:

Y, N, F- 6. THE CHANCE.(PROBABILITY) OF LOSING A TURN al. THE THIRD
.TURN IS GREATER FOR,PETER THAN FOR DAVID.

4P I, g%

Y, N, 7. AFTER THE SIX CHILDREN HAD EACH TAKEN FIVE TatiNS, dENE,
WAS TEST TO THE GOAL.

Y, N, C 8. THE MORE TURNS THE CHILDREN TAKE, THE`MORE LIKELY IT
IS THAT THEY WILL BE EVENLY SPACED OUT ON THE GRID.

Y, 9. THIS GAME IS AN EXAMPLE OF THE SAME KIND OF MOVEMENT
WE BELIEVE MOLECULES MAKE.

M

ti

2 2
.10
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. Namy: I

. ,

IN' A MATHEMATICS CLASS MORRIS AND RITA WERE PLAYING A
NUMBER-SUMS GAME. THEY USED A 47-SIDED.BLOCK FOR THE
GAME AS SHOWN TO THE RIGHT. EACH FACE IS IN THE
SHAPE OF.A TRIANGLE.' THESIDES.PF'EACH TRIANGLE ARE
ALL EQUAL AND AL FOUR TRIANGLES ARE THE -SAME SIZE.
EACITFACE OF THE LOCK IS-LABELLED WITH A DIFFERENT,
NUMBER. THE SIDE WITH THE1,3 AND 4 ARE HIDDEN FROM

t

VIEW. THE.ARROW$ POINT TO THEM: (HAVE YOU ANY
QUESTIONS,AirTHIS.OBJECT?) MORRIS. AND. RITA TOOK
TURNS THROWI THE BLOCK. ,EACH PLAYER MADE TWO THROWS
OF THE FLOCK, AND KEPT A RECORkOF THE NUMBER ON THE
FACE ON WHICH THE.BLQCK LANDED.' AFTER THE TWO THROWS
EACH PLAYER ADDED UP HIS SCORETHAT IS, ADDED UP ,

THE; NUMBERS ION THE FACES ON WHICH THh BLOCK LANDED.
ALL POSSIBLE SUMS FOR TWO.THROO ARE LISTED.IN THE GRID.

_THROW #
14

3 i 4

4 5

5 1 6
t ,

6 7 v-

7

,
2

0, 1 2 3

2 3 4

r4 3
--ixt-H-

4 1 ,5
-

54 6
\,

1,

SUMS

ON inq FIRST TURN,- MORRIS GETS THE PAIR (3,1) FOR WHICH THE SUM,'AS''
YOU CAN SEE FROM THE GRID, IS 4.

-,

l

NOW OF THE FOLLOWING PATE NTS. IF YOU AGREE 'WITH THE
STATEMENT, RCLE THE Y FOR YES; IF Y 150 NOT AGREE,;OIRCLE THE N FOR

NO; IF YOU CAN'T TEl.,L CIRCLE THE C. REMEMBER THAT THERh ARE TWO THROWS
FOR EACH,TURN. *

1

Y, N, C 1. RITA HAS A BETTER THAN EVEN CHANCE OF WINNING ON HER t

TURN.

11, C 2. THE:CHANqE OF RITA GETTING A 4 IS LESS BECAUSE MORRIS
ALREADY GO, A 4.

C e-- RITA SHOULD EXPECT A 5 MORE THAN ANY, OTHER SUM.

N, c 4. IF RITA WINS"THIS TURN, MORRIS SHOULD WIN THE NEXT ONE.

Yq N, S. *HE'SUMS OF TWO THROWS RANGE FROM:2 THROUGH 8,'A TOTAL
OF SIXSEPARATE VALUES,. IN A SERIES OF SIX TURNS, EACH
VALUE WOULD HAVE TO OCCUR AT -LEAST ONCE.
y
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Page F

Y, N, C 6. MORRIS SHOULD EXPECT TO GET A SUM GREATER THAN 4 ON HIS
NEXT TURN.

4
iY, N, C 7. MORRIS SHOULD EXPE T TO GET A SUM LESS THAN 6 ON HIS

. NEXT TURN.
, . .\ ,

'MORRIS AND RITA PLAYED FOR A LONO'TIME AND KEPT TALLIES OF THESUMS
THEY GOT AND WHO WON ON .EACH TURN.'

Y, N, 8. IN A LONG SERIES OF TURNS, MORRIS AND RITA SHOULD EACH
WIN ABOUT AN EQUAL NUMBER OF TURNS. .

Y, N, C 9. IN A LONG SERIES OF TURNS, THERE SHOULD BE ABOUT TWICE

Y,

AS MANY is AS THERE ARE 7's.

C '10. AS A G RAL RULE, THE MORE TURNS THERE ARE, THE GREATER'
Is THE CHANCE OF GETTI&G AN EXTREME, VALUE, SUCH AS A 2
OR AN 8. t

Y, N, C 11. AFTER 10 TURNS, THE TALLY OF SUMS,FORMORRIS0 DATA,
AND THE HISTOGRAM OF THE SUMS, LOOKED LIKE -THE FIGURE
MARKED M. RITA'g TALLY OF HER DATA AND ITS HISTOORAM
IS MORE LIKEL%TOLOOK LIKE THAT MARKED'A THAN THE ONE
MARKED B.

N, C 12. AFTER 100 TURNS, BOTH"TALLIES, AND HISTOGRAMS OF THE
DATA, OWEAINED BY MORRIS AND'RITA SHOULD BE ALMOST
IDENTICAL.

Y, N, C 13. IF MORRIS AND TA STARTED NEW TALLIES AFTER COMPLETING
THEIR 100th TUR D MORRIS' DATA FOR HIS NEXT TEN

'TURNS 'PRODUCED A TALLY LIKE THAT IN FIGURE M. RITA'
TALLY FOR HER 101st TO 110th TURNS' WOULD, LOOK MORE LIKE
A THAN B.

j
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Page G

SUMS TALLY

a

FIGURE M

4

HISTOGRAM

HISTOGRAM

I

8

FIGURE B

HISTOGRAM

Z
X X

'aa X Xxxxxx x.
rz, 2 3 4 5 6 7 8
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V Name: Page H

ONE crjolrn SUMMER4DAY, JAN, LOIS OND PHIL RE PLAYIgG IN AN OPEN FIELD
IN THE PARK. IT STARTED TO RAIN. AT FIR PHIL FELT ,A FEW SPRINKLES.
THEN LOIS SA? RAINDROP LAND ON A LEAF. LATER, AFTER THE CHILDREN HAD
FOUND SAFE SH LTER, THE RAIN SHOWER TURNS INTO A VIOLENT UNDERSTORM,
LASTING'ABOUT ONE HOUR.
144.,

THE' FOLLOWING ARE STAETMENTS ABOUT HOW THE RAINDROPS FELL. YOU WILL
FIND,IT HELPFUL TO 'RECALL WHAT YOU LEARNED ABdUT THE GEIGER COUNTER'S
RECORD OF EVENTS.

6

1. THE FIRST DROPS FELL ON iHIL:

A. BECAUSE HE WAS LARGER THAN THE GIRLS.

B.., BY CHANCE.

C. FOR SOME OTHER REASON.

a

0

2. JAN THOUGHT OF THE FIELD AS DIVIDED INTO SQUARES, ONE-METER ON EACH
SIDE. THE RATE AT WHICH THE RAINDROPS FELL INTO A CERTAIN SQUARE,
WOULD HE:

A. THE SAME AS FOR ALL THE OTHER SQUARES.

B. GREATER F0R THOSE SQUARES IN THE WESTERN PART OF THE PARK THAN

(

FOR'THOSt IN THE EASTERN. .

C. DIFFERENT THAN MOST OF THE HER SQUARES.

3. TO GET A,GOOD MEASURE OF THE AVERAGE OF HOW MUCH RAIN WOULD FAIL IN '
THE FIELD, A DEVICE CALLED A RAIN GAUGE SHOULD BE PLACED:

A. UNDER A DRAIN FROM THE-ROOF OF THE SHELTR HOUSE.

B'. IN THE CENTER OF THE OPEN FIELD.

C. IN THAT SQUARE WHICH HAD THE AVERAGE AMOUNT OF RAINFALL It
.THE LAST STORM.

4. LOIS WANTED TO KNOW HOW MUCH N FELL IN EACH SQUARE FOR EACH
MINUTE.' SHE HAD FOUND OUT'HOW T DO THIS FROM THE NATIONAL WEATHER
SERVICE, ANIp SO SHE MADE THE MEASUREMENTS DURING THIS STORM. WHEN SHE
ANALYZED THTFRESULTS OF THE MEASUREMENTS SHE FOUND THAT IN TEE FIRST 15
MINUTES OF THE STORM, WHICH WAS VEY BLUSTERY AND VIOLENT BEFORE IT
MOVED TO ANOTHER AREA, THE AMOUNT OF, RAIN FALLING PER MINUTE WAS:

A. ALL VERY SMALL IN EVER4SQUARE.

B. BOTH,SMALL AND LARGE IN MOST OF THE SQUARES.
. 4 I /-

C. VERY LARGE IN ALL THE SQUARES.
2
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V Page I,

.1;

5. THE AMOUNT OF RAIN FALLING PER MINUTE MEASURED ON ONE RAIN GAUGE
IN THE OPEN FIELD F9R THE ENTIRE DURATION OF THE STORM (01\T HOUR) WAS:

A. INCREASING REGULARLY AND THEN DECREASING REGULARLY.
.

B. GENERALLY LARGER DURING THE MIDDLE/OF THE STORM BUT, EVEN THEN,
IN SOME MINUTES VERY SMALL AMOUNTS WERE RECORDED.

, IN EXACTLY THE SAME PATTERN AS,WOULD HAVE BEEN MEASURED AND .

RECORDED IN ANY OTHER PART OF THE FIELD.

f
6. I TEN RAIN GAUGES WERE PUT IN WIDEL4 SEPARATED OPEN A IN THE

FIELD URINd THE RAIN STORM,' WHICH OF THE FOLLOWING STAT S WOULD

BE TRU ABOUT THE AMOUNTS OF RAINFALL RECORDED`' .

CIRCLE THE Y FOR YES; CIRCLE THE FOR NO.

N A. EACH AREA'WILSARECORD THE SAME TOTAL AMOUNT FOR THE 60
'MINUTE (ONE-HOUR) PERIOD OF TJ-IE STORM.

?`*'%

N B. THE PATTERNS OF HEAVY AND LIGHT RAINFALL WOULD BE IDENTICAL
AT EACH GAUGE.'

N C. THE DIFFERENCES, OR VARIATIONS '(VARIABILITY), IN AMOUNTS
OF RAINFALL PER MINUTE AT A.1SARTICULAR GAUGE WOULD BE
GREATER THAN THE DIFFERENCES BETWEEN THE AVERAGE AMOUNTS
RECORDED FOR EACH MINUTE BY ALLTHE GAUGES.

se
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7. BAR GRAPES4WERE MADE TO SHOW THE AMOUNTS OF RAINFALL MEASURED BY
EACH 9F`THE TEN RAIN GAUGES REFERRtDTO IN QUESTION 6 ABOVE. DATA

WERE TAKEN EVERY 5 MINUTES. A BAR GRAPH WAS'ALSOMADE OF THE AVERAGE
AMOUNT OF RAINFALL REGISTERED BY THE TEN RAIN.GAVtES DURING THE,60-MIN-

AXTE'PERIOD OF THE STORM. THE SOLID-LINE GRAPHS IN BOTH FIGURES H AND I
BELOW SHOW THE AMOUNT OF RAINFALL AVERAGED FROM ALL TEN GAUGES. °EACH

'SAS A DOTTED LINE GRAPH DRAWN UPON IT TO SHOW AMOUNTS OF RAINFALL THAT
MAY HAVE BVN MEASURED BY ONLY A'SINGLE 'GAUGE. WHICH ONE OF THE SETS

OF GRAPES FIGURE H OR I?) MOST LIKELY REPRESENTS WHAT WAS ACTUALLY'

MEASURED BY A GAUGE IN THE FIELD?
WRITE YOUR ANSWER ON THIS LINE.

WHY DID YOU SELECT THAT FIGURE?'

4
A

z

z

FIGURE H

I
4-

FIGURE 'I

-7E-

20 40 60 20 4G 60

TIME, MINUTES TIME, MINUTES

AVERAGE

ONE RAIN GAUGE

A
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(
41

SEQUENCE I: HERE 15, A PICTURE OF HOW SOME-BLACK AND WHITE MARBLES WERE
ARRANGED ,IN A DISH'.

THE DISH 4As THEN PLACED 010A TABLE WHICH WAS SHAkING. AS A RESULT OF
THE SHAKING OF VE TABLE THE MARBLES MOVED AROUND IN THE DISH. PLACE'
A Z ON THAT PICTURE WHICH SHOWS THE ARRANGEMENT OF THE MARBLES AFTER
THEY HAD BEEN SHAKING FOR A CONSIDERABLE LENGTH OF TIME; PLACE AN'M ON
THAT PICTURE WHICH SHOWS THE MOST LIKELY ARRANGEMENT AFTER ABOUT HALF

THE LENGTH OF TIME OF SHAKING. KEEP IN MIND THE INITIAL ARRANGEMENT
OF MARBLES BEFOREABAKING.. $.

I

xo
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SEQUENCE II: THE DOTS IN'THESE PICTURES REPRESENT SOME.BLUE VITRIOL" -

MOLECULES. THE CLEAR PORTION REPRESENTS WATER. THIS SYSTEM IS ALLOWED
TO STAND FOR SEVERAL DAYS. MARK THAT PICTURE WHICH SHOWS THE SITUATION
EARLY IN THE SEQUENCE WITH AN A AND MARK A Z-ON 't HE PaCTURE WHICH SHOWS
THE SITUATION AFTER ALONG PERIOD OF TIME.'

,--

....A.......1. k""1/4.......

A
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1. JANICE WALKED TO THE. TOP. OF A HILL: SHE CARRIED A BALL WITH HER.
WHEN SHE REACHED THE TOP OF THE HILL4leeRRELL, WHO WAS AT THE BOTTOM
OF THE HILL, THREW A SECOND BALL TO R. COMPARE THE POTENTIAL
ENERGIES OF THE FIRST AND SECOND BALLS WHEN THEY ARE AT THE TOP OF?THE
HILL.

A. THij SECOND BALL'HAS MORE POTENTIAL ENERGY.

B. 'JANICE'S FIRST BALL HAS MORE POTENTIAL ENERGY.

C. BOTH BALLS HAVE THi SAME.POTENTIAL ENERGY.

2. DEAN CARRIED A BASKETBALL FROM THE BASEMENT OF HIS HOUSE TO THE
ROOF. HE FOUND ANOTHER BASKETBALL ON THE ROOF. COMPARE THE POTENTIAL
ENERGIES OF,THE TWO BASKETBALLS.

A. THE ONE HE CARRIED UP HAS MORE POTENTIAL ENERGY.

_ B. THE ONE THAT WAS ALREADY UP THERE HAS MORE POTENTIAL ENERGY.

C. THEY BOTH HAVE THE SAME AMOUNT OF POTENTIAL ENERGY.

3. DIANE EXERTED 10 FORCE-UNITS TO LIF'r A BRICK 5 FEET. THEO ST001,
ON THE ROOF OF HER HOUSE Aft PULLED UP A BALL 20 FEET TO THE TOP.
THEO EXERTED 5 FORCE-UNITS TO RAISE THE BALL. .COMPARE THE POTENTIAL
ENERGIES OF THE BALL AND THE BRICK AFTER' THEY' WERE I,IFTED.

A. THE BALL HAS MORE POTENTIAL ENERGY.

B. THE BRICK HAS MORE POTENTIAL ENERGY.

C. THEY BOTH HAVE THE SAME AMOUNT OF POTENTIAL ENERGY.

Sr.

o

o
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VI Name: Page B

1. ARNOLD HAS A LAWN MOWER AND HE'CALCULATED VERY CAREFULLY HOW
MUCH WORK IT TOOK'TO .PUSH,IT. HE FOUND THAT THE AMOUNT OF WORK HE PUT
INTO THE MOWER DID. NOT EQUAL THE AMOUNT OF WORK THE MOWER DID. WHICH
STATEMENT IS TRUE?

e,A9

A. THE MOWER,WILL ALWAYS DO MORE WORK THAN IS PUTT TO IT.

B. THE MOWERuWILL ALWAYS DO LESS WORK'THAN IS PUT INTO IT.

C. SOMETIMES THE MOWER WILL DO MORE WORK AND,SOMETIMES LESS WORK.

2. ARNOLD WANTS TO SHOW THAT THE TOTAL AMOUNT OF WORK HE PUT INTO
THE LAWN MOWER CAN BE ACCOUNTED FOR. IN AlITION TO THE AMOUNT OF WORK
THE MOWER DOES WHAT'ELSE SHOULD HE CALCULAT ?

A. THE AMOUNT OF POTEALIAL ENERGY PRODUCED AS THE MOWER CUT.

B. THE AMOUNT Of HEAT ENERGY PRODUCED AS THE MOWER CUT THE GRASS.

C. THEAMOUNT OF HEAT ENERGY PRODUCED BY THE SUN.

3. ARNOLD DOES RIOT LIKE THE IDEA OF PUTTING SO MUCH MORE WORK INTO THE
MOWER THAN HE GETS OUT. WHAT SHOULD HE DO?

A. GET ALARGER MOWER.

B; OIL -THE MOWER TO REDUCE FRICTION.

C. 'OIL THE MOWER TO INCREASE FRICTION. I

4. PRETEND YOU ARE ON ANOTHER PLANET IN SPACE WHERE THERE IS NO
FRICTION. A PENDULUM-BOB IS PULLED BACK AND RELEASED. WHAT WILL
EVENTUALLY HAPPEN TO THE PENDULUM?

A. IT WILL EVENTUALLY STOP MOVING.

B. IT WILL TEND TO SPEED UP.

C. IT WILL

5..e;WHAT POSITION WILL THE PENDULUM REACH AT &ACH SWING?

A. TH4 SAME HEIGHT.

B. A LOWER HEIGHT.

C. A HIGHER HEIGHT:

4
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VI Page C

6.- WHY WOULD IT BE DIFFICULT TO;PLAY GOLF ON THIS FRICTIONLESS

PLANET?

(---k., THE PLAYER COULD GET A PERFECT SWING EACH TIME.

' B. THE BALL WOULD STOP ROLLING TOO SOON.

C. .THE BALL WOULD NEVER STOP ROLLING.

OP

(i

r ..

I

.,

e

,..
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Name: Page D

v.

SITUATION I: MORRIS IS ON A SWING WHICH
LOOKS LIKE THE ONE IN THE PICTURE. THE
LETTERS A, B, C, 'D AND E REPRESEK
DIFFERENT POSITIONS THAT THE SWING WILL
REACH,WHEN IT IS SWINGING. MORRIS AND
THE SWING ARE PULLED BACK TO POSITION
A AND THEN RELEASED.,

B

1. AT WHICH'POSITION IS MORRIS' POTENTIAL ENERGY THE GREATEST?

A. AT POSITION A.

.B. AT POSITION B.

C. AT POSITION C.

2. AT WHICH POSITION IS HIS KINETIC ENERGY THE GREATEST

A. - AT POSITION A.

B. AT POSITION B.

C. AT POSITION ,C.

D

3. AT WHICH TWO, POSITIONS IS HIS POTENTIA1ENERGY ABOUT THE SAME?

A. AT POSITIONS A and B.

B. AT POSITIONS B and C..

C. AT POSITIONS A and D.
O
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'AT WHICH POSITION IS MORRIS MOVING THE FASTEST?

A. POSITION A,

B. POSITION B.

C. POSITION C.
,

. AT WHICH.POSITION IS MORRIS MOVING THE SLOWEST?

A.

B.

AT POSITION A.',

AT POSITION] B.

C. AT POSITION C.

.6. MORRIS SWINGS FROM
WHAT#CAN BE SAID ABOUT

A. HE IS SPEEDING UP.

POSITION'A TO E TO B TO C TO D. AT POSITION C
MORRIS' SWINGING?

B. HE IS SLOWING DOWN.
4

C. THERE IS NO WAY TO TELL.

WHAT WILL PROBABLY CAUSE THE SWING TO STOP?

A. MORRIS' WEIGH.

B. THE LENGTH OF THE ROPES HOLDING THE' SWING.

C. THE RUBBING OF PARTS OF THELSWING AS IT MOVES.

I

8; WHAT WILL HAPPEN, TO THE TEMPERATURE AT THE POINT WHERE THE ROPES
HOLDING THE SWING ARE ATTACHED AT THE. TOP?

A. NO CHANGE WILL OCCUR.

B. MIHEJIEMPERATURE WILL RIS .

. a
C. THE TEMPERATURE WILL DECREASE.

i,
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9. SOMEBODY PLACES A BOX IN FRONT OF THE SWING
LEGS HIT IT WHEN HE SWINGS DOWN. IT GETS MOVED
INTO IT. HE DECIDES TO SEE FROM WHICH POSITION
THAT THE BOX WILL MOVE THE FARTHEST. HE SHOULD

A. POSITION E.

B. POSITION A.

C,. IT MAKES NO DIFFERENCE.

'*1

t

NOW SO THAT MORRIS'
WHEN MORRIS BUMPS
HE SHOULD START SO
START TO SWING FROM

A
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,

or

SITUATION II: JOE AND ARNIE.WERE BATTING BALLS
AND SHE ALSO CAUGHT THE BALLS THE -BOYS BATTED.
BATrFASTER THAN ARNIE. HEREARE THE QUESTIONS.
FOR THE ANSWER you PREFER.

. LOIS WAS THE PITCHER
JOE COULD SWING HIS .. -

CIRCLE THE LETTER

1. WHAT WOULD SHE HAVE OBSERVED ABOUT THE SPEED
CAUGHT FROM JOE COMPARED WITH THE ONES FROM ARNIE?

A. THE SPEEDS WERE THE SAME BECAUSE BALLS CAN GO ONLY SO FAST.

B. -JOE'0.5 BALL WAS FASTER BECAUSE HIS FASTER SWING GAVE IT MORE
KINETIC ENERGY.

C. ARNIE'S .BALL WAS FASTER BECAUSE HE DIDN'T HAVE TO WORK SO
HARD.

THE BALLS SHE

.2. LOIS' GLOVE BECAME VERY WARM AFTER SHE CAUGHT EACH BALL. THE
MOST LIKELY' REASON FOR THIS IS ..THAT:

A. A BALL GETS, VERY' WARM AS It MOVES THROUGH THE AIR.

B. THE icINETIC ENERGY OF THE MOVING BALL IS CONVERTED TO HEAT
ENERGY WHEN IT IS CAUGHT.

C.' BASEBALL IS USUALLY PLAYED IN THE SUMMERTIME WHEN IT IS MUCH
WARMER THAN IN THE WINTERTIME.

3. ID LOIS WANTED HER GLOVeiCIOT TO GET' S() WARM, SHE SHOULD PICK THE .

BALL UP AFTER IT HAD BOUNCED-ON THE GROUND BECAUSE:

A. IT WOULD THEN HAVE LESS KINETIC ENERGY.

B. BOUNCING COOLS IT OFF.

C. IT WOULD BE MOVING FASTER AFTER IT BOUNCED.

S
,fr

I

,

8

I

4,
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SITUATION BOBBY GOES DOWN A SLIDE AT A PLAYGROUND. 'AT THE TOP
OF THE SLIDE 'HE HAS 100 UNITS,OF 'POTENTIAL ENERGY. AS HE SLIDES HE
NOTICES THAT THE SLIDE AND HIS JEANS BECOME WARM.

1. WHAT WOULD YOUR ABOUT BOBBY'S KINETIC ENERGY AS HE LEAVES-4?

THE SLIDE BEFORE.HE LANDS?

A. HE WILL LEAVE THE SLIDE WITH 100 UNITS OF KINETIC ENERGY.

B. HIS KINETIC ENERGY WILL BE LESS THAN 100 UNITS WHEN HE LEAVES
THE SLIDE.

C. HE WILL.dAIN ENERGY AND LEAVE THE SLIDE WITH MORE THAN
100 UNITS OF KINETIC ENERGY.

2. IF BOBBY WANTS TO GO OFF THE SLIDE WITH ALMOST TWICE AS MUCH
KINETIC ENERGY AS HE DID BEFORE, HE SHOULD:

.A. RUB WAX ON THE SLIDE SO HE CAN 0 DOWN FASTER.

$. e CHOOSE ASLIDE THAT IS TWICE AS LONG BUT NOT AS HIGH.
r.

C. CHOOSE A SLIDE THAT IS TWICE AS HIGH BUT NOT AS'LONG.

3. IF BOBBY WANTS TO MAKE SURE HIS JEANS DON'T GET SO WARM,
SHOULD:

A. RUB SOME WAX ON THE SLIDE.

"B. GO DOWN AS QUICKLY AS POSSIBLE-
'''.

C. EITHER OF THE ABOVE,.

L
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VI Page I

I

4

3

2

AM.

r

SITUATION /V: A BALL ROLLS BACK AND FORTH ON THE COAS'AR AS SHOWN. IT

IS RELEASED FROM POSTION 1, ROLLS TO POSITION 2, THEN ROLLS BACK AGAIN.
AT POSITION 1, WHERE IT STARTS, IT HAS 50 UNITS OF POTENTIAL ENERGY WITH
RESPECT TO THE GROUND. ciRug THE LETTER IN FRONT OF THE clipTcE YOU
PREFER AS AN ANSWER TO EACH ITEM:

1. WHEN IT ARRIVES AT POSITION 2, THE BALL HAS 40 UNITS OF POTENTIAL

ENERGY. THE AMOUNT OF HEAT ENERGY PRODUCED IN THE SURFACES WOULD BE

EQUIVALENT TO:

'Ai 10 UNITS OF ENERGY -- THE DIFFERENCE BETWEEN '50 AND 40.,

B. 5 UNITS -- HALF THE DIFFERENCE SINCE IT'HAS TO GO BACK AGAIN.

C. 20 UNITS -- SINCE IT CAN STILL MOVE DOVNWARDS.

2. WHEN THE BALL ARRIVES AT POSITION 3, IT HAS

A. MINIMUM V TENTIAL ENERGY.S.'

B. MAXIMUM KINETIC ENERGY.

C. BOTH STATEMENTS ARE TRUE:

3. WHEN IT ARRIVES AT POSITIOg 3, ROLLING FROM POSITION-2, THE BALL

IS FOUND TO BE MOVING WITH KINETIC ENERGY EQUIVALENT TO 30 UNITS. THUS

IT'CAN BE INFERRED THAT AFTER IT LEFT POSITION 1 AND FINALLY CAME TO

POSITION 3:

A.' ITS KINETIC ENERGY WAS PRODUCED-Al:THE EXPENSE OF HEAT
ENERGY..

I c

B. A TOTAL OF 20 UNITS OF HEAT ENERGY WAS PRODUCED.

C. NO MORE HEAT ENERGY WAS PRODUCED GOING FROM 2 TO 3. ;THE.

ENERGY WENT INTO MORE KINETIC ENERGY.
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VI Page AT

4, THE BALL THEN ROLLS UP TO POSITION 4 AND STOPS BEFORE ROLLING
DOWN AGAIN. WITH THE BALL AT THIS POSITION, 4, THE ENERGIES OF THE
BALL AND SURFACES COULD BEST BE DESCRIBED AS:

A. ,A BALL WITH 9.41)UT 20 UNITgrOF PO TYAL .ENERGY AND SURFACES
WITH ABOUT 30 UNITS OF HEAT ENERGY

B. A BALL WITH 20 UNITS0 POTENTIAL ENERGY, 20 UNITS OF
KINETIC ENERGY AND 10 L ITS.OF HEAT ENERGY DfSTRIBUTEb
OVER THE SURFACES.

(

C. A BALL WITH A TOTAL OF 50 UNITS OF HEAT ENERG

I I
a

O'

sa

1

i9 1 '
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State and Jurisdictional Summaries
Appendix A provides a listing of summary information submitted by the States and other

Jurisdictions for the National Water Quality Inventory Report for 1976.
These summaries have been excerpted directly from reports received film each State and

Jurisdiction. The reader can obtain more complete informatior, by writing to the applicable agency
included on the title page which precedes each of the following summaries.

42
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APPENDIX A
Summary - State of Alabama

Complete copies of the State of
Alabama 305(b) Report can be
obtained from the Agency listed
below:

Alabama Water Improvement Commission
State Office Building
Montgomery, AL 36104
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Introduction
In 1974, the first water quality report to Congress in

accordance with Section 305(b) of Public Law 92.500 for
the State of Alabama was. prepared. The result was a
voluminous report which not only included a statewide
review of water quality for 1974 but also contained
detailed information concerning the fourteen river basins of
Alabama. This information included a description of each
basin, water uses in the basin, water quality of the basin,
and non-point source pollution in the basin. For 1975, the
water quality report to Congress will follow a format
similar to that used for the 1974 report; however, in the
interest of brevity, the report will only concern itself with
water quality.

New information in the form of relative condition
factors for selected Alabama fish is included in the 1975
report, and it is expected that such additions will be
included in subsequent reports as data are made available.
The relative condition factors were computed by using the
formula Kn = IN , where W equals the weight of a fish of a

W ..-..
specific length and W is the computed weight for the same
length, derived from the equation 4 = aLb for particular
species in Alabama river systems. The 1,1) values were taken
from Tables for Computing Relative Conditions of Some
Common Freshwater Fishes by W.E. Swingle and E.W.
Shell. After individual values were computed, an overall
average for all fish at the station was reported.

Water Quality
Completion of 1975 statewide trend station monitor-

ing produced data comparable to that obtained during
1974. There was, however, an 8.3 percent increase in
stations which met current water quality objectives during
1975 as compared to 1974. A total of 43.6 percent of the
trend stations met water quality objectives during 1975,
while 35.3 percent of the trend stations achieved current
water quality objectives during 1974. Various reasons for
this improvemint in water crality will be discussed in later
portions of this report.

It must be kept in mind that the majority of the
trend stations were chosen in order to monitor problem
areas in the State and, therefore, the data presented cannot
be used to draw precise analogies with the status of quality
in other areas of the State. It should also be recognized that
the gradual implementation of industrial and/or municipal
treatment facilities will manifest itself in an upgrading of
water quality in trend station data over time.

Although some improvement in water quality was
observed during 1975, two years of monitoring data is still
insufficient for observation of long-term trends. Hopefully,
a period of five to ten years will produce monitoring data
of statistical significance with respect to changes in water
quality. This period should also coincide with the comple-
tion of the majority of treatment facilities now in various

APPENDIX A

stages of progress, and the expected enhancement of water
quality should be evident.

There are, however, situations where the ultimate
achievement of water quality objectives is most doubtful.
Although improvement in quality may be observed, it is
anticipated that such areas will experience a level of quality
-less than that desired for some time into the future. Such
situations are encountered when natural flows of receiving
streams are considerably less than the amount of effluent,
treated, or inadequately treated waste presently entering
the stream.

Total number of trend monitoring stations and
stations meeting water quality objectives are indicated in
Figure 1. Paiameter measured at those stations are listed in
Table 1.

TABLE 1

WATER QUALITY DATE AVAILABLE
FROM THE ALABAMA WATER IMPROVEMENT

COMMISSION TREND STATION NETWORK

'Air temperature
*Water temperature
'Dissolved oxygen
'DO percent of saturation
'Biochemical oxygen demand
'pH
'Alkalinity
'Hardness
'Color
'Turbidity
'Nitrates
'Chlorides
'Phosphates

'Monthly.
**Quarterly.

'Annually.

*Total dissolved solids
'Total suspended solids
'Volatile suspended solids
'Fecal coliform
'Flow
*Weather
'Date collected
'Time collected

**Iron
**Copper
Zinc

**Chromium
"'Cyanide

Non-point Source Pollution
With the majority of the Commission's available

resources primarily concerned with point source pollution,
degradation of water quali., resulting from nonpoint
source pollution has not been the focus of extensive
evaluation throughout the State. However, with improve-
ments in the point source area, identificatinr' and imple-
mentation of nonpoint source pollution abatement will
ensue as resources permit. The Commissica has taken some
initial steps in the area of nonpoint source pollution, and
it is expected that information obtained from the comple-
tion of the 208 planning processes will help to identify
nonpoint source pollution and costs associated with
attainment of water quality goals where control of non
point source pollution is involved.
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FIGURE 1

WATER IMPROVEMENT COMMISSION
TREND MONITORING STATIONS AND

WATER QUALITY STATUS

1974

TOTAL NUMBER OF STATIONS

1975

STATIONS MEETING WATER QUALITY OBJECTIVES

NOTE: TREND STATIONS WERE CHOOSEN TO MONITOR PROBLEM AREAS IN THE
STATE AND DATA OBTAINED AT THESE STATIONS ARE NOT INDICATIVE
OF THE OVERALL STATUS OF THE WATER QUALITY IN THE STATE.

A-7 5 6



Silviculture
The Commission has adopted certain forest practices

guidelines intended to address water quality problems
which may be associated with silvicultural practices. These
guidelines suggest the use and maintenance of buffer zones

and incorporate other recommendations concerning

silvicultural activities near watercourses. In addition, a
three-year study to evaluate water quality problems and the
effectiveness of these guidelines was initiated during the
summer of 1975 with the hope that data generated from
this study would give some insight into water quality
problems associated with operations in Alabama. In con-
junction with the adoption of guidelines, a cooperative
statewide educational program between the Commission
and the State Forestry Association aimed toward the forest
industry was initiated. The use of radio, television, and
newspapers, along with training sessions, comprise the bulk
of this educational approach.

Construction
Cooperation between the State Highway Department

and the Commission in the orm of Commission staff
review of highway project proposals and subsequent recom-
merdations by the staff to ensure water quality is another
step to reduce non-point source pollution.

Non-point source pollution arising from dredge and
fill projects is being kept to a minimum as a result of the
state certification program under the previsions of Section
401(a)(1) of the Federal Water* Pollution Control Act
Amendments of 1972. All proposed projects are reviewed
by the staff to ensure that water quality will be maintained
before projects can proceed.

Mining
In 1974, the Commission adopted certain surface

mining regulations in an effort to address non-point source
pollution from the mining of minerals in the State. These
regulations require the submittal of pollution abatement

APPENDIX A

plans prior to the initiation of mining. This prior planning
for protection of water quality, when coupled with Staff
inspection activity, has been most successful in addressing
the water pollution problems associated with mining.

Agriculture
Non-point source pollution problems which result

from agricultural activities are handled on a compliant
basis. The majority of these compliants are concerned with
feed lot operations and aerial application of pesticides. In
the former instance, relatively simple and inexpensive
treatment and management practice- are available, and the
Commission's staff works in close cooperation with the Soil
Conservation Service and other agriculturally oriented
agencies to correct these deficiencies when encountered. In
addition, informational materials relating to proper disposal
of animal waste are made available and distributed
throughout the State.

The Commission's staff worked closely with the
Department of Agriculture in the development of regula-
tions concerning the aerial application of pesticides, and
participates with the Department to correct problems
associated with pesticides where appropriate.

Fish Mortality Associated
with Non-point
Source Pollution

During 1975, twenty-nine (29) fish kills were
investigated by the Commission's staff of which seven (7)
were attributable to non-point source pollution (Table 2).
while during 1974, eleven (11) fish kills were attributable
to this same cause. Tie reduction for 1975 is manifested in

the reduced number c pesticide related fish kills, and it is
felt to be indicative of an increased awareness of the
problems which can result when the careless use of
economic poisons prevails. It is hoped that in the future,
the number of pesticide related fish kills will decrease as the
users of these economic poisons become increasingly aware
of the hazards involved.
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SUMMARY OF 1976 FISH KIL ts.a. 3Y
RIVER BASIN AND CAUSE

3 it
River Basin

Alabama 3 1 1 1 1

Coosa 3 2 1

Chattahoochee, 1 _ 1

Escambia 1 1 .

Mobile 5 1 1 s 2

Perdido 1 1

Tennessee 11 1 4 1 4 1

Warrior 4 1 1 2

Total 29 2 4 2 2 4 1 1 6 2 5
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APPENDIX A
Summary - State of Alaska

Complete copies of the State of
Alaska 305(b) Report can be obtained
from the State agency listed below:

State of Alaska Department of Envi-
ronmental Conservation

Pouch 0
Juneau, AL 99811

.- .1,...
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Since the State of Alaska did not provide a short
summary in its 305(b) Report, this summary consists of
excerpts from that report. The following summary was
provided by EPA Region X.

Current Water Quality
and Recent Trends

Alaska reports that its waters are generally in com-
pliance with water quality standards except in a few areas
that are discussed witithin the document. Some percentage
of waters within Alaska do not meet standards due to
natural conditions. The extent of these conditions was not,
and presently cannot, be quantified. Parameters associated
with maninduced pollution problems in the State incluck
bacteria, dissolved oxygen, pH, toxic sulfite waste liquor,
oil, and suspended solids.

There is an apparent need for an improved water
quality surveillance program in Alaska (including trend
stations and intensive surveys). Present assessments are
based on marginal-toinadequate data; interpretations and
extrapolations of the data are unreliable. Obtaining a
minimum data base in Alaska would be costly. Transporta-
tion difficulties and extreme weather conditions make
sample collection costs almost prohibitive. Region X does
not include Alaska stations in the National Water Quality
Surveillance System (NWQSS) because the cost to maintain
even a fev stations would exceed its monitoring budget
allotment for the entire fourstate region. Additional
surveillance funds earmarked specifically for Alaska would
be necessary for the Region to initiate NWQSS stations in
the State.

APPENDIX A

Water Quality Goals
and Control Programs

Alaska's water quality standards are its water quality
goals, and control programs are designed to maintain those
standards. In its 305(b) Report for 1976, the State makes
the judgement that most waters presently meet Federal
1983 goals. Point source pollution control programs and
associated improvements are discussed for several areas,
even though most improvements can only be discussed
from a qualitative standpoint. Nonpoint source programs
are at an infant stage.

Costs and Benefits
Alaska has made an effort toward defining costs

involved in meeting 1983 goals, where there are data
available. The State expresses concern over existing and
proposed effluent guidelines, which may curtail the pulp
and paper and placer industries. Alaska has identified
benefits that will be derived by maintaining good water
quality, but could not quantify them.

Non-point Sources
Alaska has identified six major non-point source

categories of concern. They are siliviculture in southeast
Alaska, where a great amount of logging takes place; urban
runoff in major cities like Anchorage (Alaska's largest city);
village sanitation; road and pipeline construction; waste oil
disposal; and placer mining. Natural high sediment levels
occur in many of the streams in the State; with little water
quality data available, it is virtually impossible to
differentiate between natural and mancaused pollution
from nonpoint sources. This point is repeatedly addressed
in Alaska's report.

GO
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APPENDIX A
Summary - State of Arizona

Complete copies of the State of
Arizona 305(b) Report can be
obtained from the State agency listed
below:

Bureau of Water Quality Control
Division of Environmental Health

Services
Arizona Department of Health

Services
1740 West Adams St.
Phoenix, AZ 85007
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Background Information
Arizona has a wide variety of climatic zones, but

most of the State receives less than 20 inch's of precipita
tion a year. Over half the State receives less .nan 10 inches
per year. Evaporation rates are high.

The quality of surface water in Arizona, in general, is
near levels associated with natural conditions. The State is
fortunate not to have reached the critical point of
environmental deterioration that has occured elsewhere in
this cpuntry. Thus, Arizona's water quality program is
concerned more with maintenance than with restoration.
However, it is essential that problems be recognized and
comprehensive plans developed in time to combat future
demands on. water resources, provide control of water
quality, and provide control of water pollution. Much of the
water quality information and studies needed to define
problems and provide solutions to water quality problems
in the State is inadequate. Data used to prepare this report
was limited to that which was readily available. Con.
sequently, this report is not as specific as might be
desirable. It is difficult to cite specific violations in water
quality because quantity and quality of data are not
adequate for this purpose at many locations.

Water Quality
and Violations

A total of 336 violations of surface water standard.,
were observed in 1975; 80 in the Fixed Station Network,
48 in the two intensive surveys, and 208 in the Lake
Eutrophication Survey. Other violations were observed or
miscellaneous samples from time to time, but they have not
been tabulated herein

Water quality is highly dependent upn the geology
and morphology of the receiving watershed. In this arid
region, surface water comes mainly from surface runoff and
shallow precipitation. Base flow is small and can be highly
mineralized. Runoff from rainfall and snow melt can be of
good mineral quality but high in suspended sediments. In
additioji, irrigation of soils can contribute significant
amounts of unleached salts. During the intensive surveys of
the past three years, potential violations in bacteriological,
turbidity, pH, toxic metals, and proposed nutrient
standards were observed. High turbidity levels following
runoff events are common throughout the State. Sources of
this turbidity remain to be identified.

Bacteriological problems are associated with agri-
cultural and recreational waters. The two uses are often
concurrent, making it difficult to judge the sanitary
significance of violations in indicator organisms. Potential
problems have been observed in the Verde River, Oak
Creek, the Colorado River, and the Salt River Lakes
(Roosevelt, Apache, Canyon, and Saguro).

Problems with toxic metals can occur downstream
from mining activities in mineralized areas. Areas of
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concern are the lower reaches of the San Francisco River
and San Pedro River, and the reach of the Gila River from
Coolidge Dam to the Ashurst-Hayden Diversion Dam.

Violations of nutrient standards, specifically total
phosphates, are presumed to be related to municipal and
agricultural discharges. However, some contribution may be
attributed to leaching of natural phosphates from soils. This
relative proportion that is contributed by each source
remains to be determined.

Trends
The bulk of data is still too scarce to adequately

delineate major trends in water quality, but, with continued
operation of the Fixed Station Network, this deficiency
will eventually be alleviated.

Some improvements in water quality have occurred in 1

water bodies that serve as receiving streams for treatment
plant effluents. The improvements are traceable either to an
improvement in the quality of the effluent due to new
plant construction and/or better operating techniques or to
a discontinuance of the discharge altogether.

Water quality in some areas has shown a decline
because development was so rapid that adequate waste
treatment facilities could not keep up. Small existing plants
became overloaded and had to discharge inadequately
treated water. The Pinetop-Lakeside area has been plagued
with failing septic tank systems for years. This problem will
hopefully be remedied soon with the construction of a new
centralized collection and treatment system. Other areas
with similar problems incltide Greer, Bullhead City, the
Parker Strip and areas near Prescott.

Some degradation of groundwater supplies may have
already taken place. There is concern about the
Globe-Miami area, the area south of Tucson and a new
proposed operation in the Tombstone area. Implementation
of a groundwater monitoring network should determine the
extent of the problem and will undoubtedly uncover some
more problem areas.

Program Impacts
In the past, water quality has been inadequate to

assess, not only current water quality conditions, but also
long-range trends and changes that had resulted from
programs of the Bureau, other agencies, and private
industry. Recent program activities, resulting from Public
Law 92-500, have been significant steps taken to alleviate
this deficiency. Intensive surveys were conducted in an
effort to begin establishing background levels of water
quality. A fixed station network has been implemented to
monitor long-term water quality trends and, hopefully, to
flag serious degradations in surface water quality at the
earliest possible stages. The compliance monitoring
program, an integral part of the National Pollutant
Discharge System (NPDES), has helped to improve general
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maintenance and operation of treatment plants across the
State, resu'ting in a better quality effluent.

The greatest positive impact has been on the con-
struction of waste treatment facilities. Such construction
has allowed Arizona to maintain the quality of its receiving
waters atnear natural levels. Twenty-three treatment
facilities have been built in the five years preceding FY 76.
Twelve facilities were eupgraded and eleven were new
systems. Five of the new systems reused the effluent in
some manner, while six facilities created new discharges
which may constitute a degradation rather than an upgrad-
ing of water quality.

The permit program, while controversial, has had the
benefit of forcing facilities to be concerned about the
quality of their effluent. But the program will cause an
unnecessary economic loss by upgrading facilities (such as
lagoons) that are not causir:g any problems with receiving
waters. Problems will also occur when facilities are unable
to meet monitoring requirements. It is difficult to go from
no selfmonitoring to levels required by 1977. This is

particularly true where private laboratories and municipal
laboratories are either nonexistent or at minimal levels. The
changes in test methodology that are occuring will keep test
procedures in turmoil for some time. Some facilities will be
reluctant to purchase expensive test equipment for a

particular test (coliformMPN vs. MF) when test proce-
dures are uncertain.

The impacts of basin planning activities and Section
208 planning activities will take some time to materialize
because they are, by design, longrange planning programs.
However, increased State and Federal presence may have
some immediate beneficicl impact on programs dealing with
water pollution. Severet ot the basin plans, prepared under
contract by outside consultants, are either completed or in
the final draft stages. The rest will soon be completed. The
208 planning process is still in its early stages. The

Governor of Arizona has designated the six regional

Councils of Government (COGs) as the official Section 208
planning agencies. The Bureau's input and role in

coordinating these activities has not yet been determined.
Much of the early program grant documents sub

mitted in response to deadlines imposed by PL 92.500 and
subsequent EPA regulations were of necessity hastily
prepared and are of questionable value. The time spent
preparing such documents has delayed working aspects of
various State programs. In a State like ours where staffing is
meager, the time lost to ongoing projects has been
significant. Lost working time can be justified by planning
activities that result in future time savings. It remains to be
seen whether or not such savings will be realized.

The facilities inspection program and the operator
trainir:q and certification program probably have the most
visible impact on water quality, at least on the quality of
wastewater treatment plant discharges. Deficiencies in plant
operation and maintenance that are discovered during
routine inspections are often corrected either on the spot or
shortly thereafter. As a result of the operator training
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program, the general knowledge of Arizcna's plant oper-
ators is slowly but steadily improving, the end result being
more competently operated treatment plants.

Water Use
The principal water use in Arizona is irrigation

agriculture. Two-thirds ,of the water used is pumped from
groundwater reservoirs. Total yearly water use is estimated
at 7.7 million acre-feet, 5 million acre-feet of which was
pumped from groundwater storage.

Future uses will remain similar, but there will be
changes in the use pattern. Municipal and industrial usage
will ;ncrease. Agricultural usage may decrease as ground-
water supplies are depleted.

Segments where
Water Quality Standards
Will Not be Met

Full implementation of Public Law 92-500 should
help maintain the existing water quality Ivels of Arizona
waters. Some problem areas will be corrected through
construction and permit activities. However, some problems
may remain. There will be problems with streams that
discharge only following rainfall events. Such streams are
subject to flash flooding and tubidity levels in excess of
State standards. Normally dry streams that receive a
well:treated wastewater discharge may also present prob-
lems. Stream reaches below mineralized areas may have
prqblems with metals accumulation.

Costs to Achieve
Water Quality Goals

Costs to support the construction grant program and
State water pollution control program, as administered by
the Arizona Department of Health Services through
September of 1981, are estimated at $617,949,000. Tote
construction needs are $612,249,000 of the total amount
Program support should require a minimum ot
$5,7000,000, but this level of funding is unlikely. State and
Federal budgets appear to be committed to near current
funding levels for program activities; thus $2,450,000 is apt
to be available rather then $5,700,000. This will mean that
sane programs may not be implemented prior to
September 1981 while other programs will receive a lower
priority.

Control of Non-Point Sources
Non-point sources may contribute bacteria, turbidity,

toxic metals and nutrients to Arizona waters in amounts
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sufficient to cause violations in water quality standards.
The nature of the problem has yet to be delineated. It will
likely take several seasons to identify and quantify such
problems. Sampling sites for such problem identification
need to be established. Some locations for non-point source
identification were included in the primary monitoring
network as required under Section 106 appendix regula-
tions as published on August 28, 1974. However, other
stations needed for non-point source evaluation could not
be justified because the section 106 regulations allowed for
only intensive surveys and primary stations. Since the

APPENDIX A

parametric coverage required at primary stations was both
extensive and inflexible, adequate resources were simply
unavailable. The current proposed regulations allow for
more flexibility at "Fixed" stations. The new regulations
should allow for study of problem areas that require more
time than that needed for intensive studies but do not
warrant the expense of long-term stations with compre-
hensive parametric coverage. When data are available to
identify sources and pollutant levels, control measures will
be studied. Implementation of such control measures cannot
be delineated until specific problems have been identified.

*
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APPENDIX A
Summary - State of Arkansas

Complete copies of the State of
Arkansas 305(b) Report can be
obtained from the State agency listed
below:

Arkansas Department of Pollution
Control and Ecology

8001 National Drive
Little Rock, AR 72209
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Summary
The most significant conclusion from the analysis of

current water water quality is that substantially all of the
waters located in the highly agriculturalized Mississippi
delta region of Arkansas do not now meet the 1983 aquatic
life and recreational water quality goals of the Federal
Water Pollution Act Amendments of 1972. Further, due to
the nature of the problems, it is considered unlikely that
the goals will be met in these waters by 1983 or any time in
the forseeable future (see Figures 1 and 2).

A0PENDIX A

With the exception of the main stem of the White
River and the upper St. Francis River, none of the major
Arkansas delta streams meet all of the water quality
requirements for swimming and the propagation of desir-
able species of fish and aquatic lire. In most cases, several of

the appropriate parameters are substantially in violation of
the minimum requirements. In particular, widespread viola
tions of fecal coliform, dissolved oxygen and turbidity
standards occur, and significant contributions ofa variety
of pesticides are found, including endrin, dieldrin, DDT and
its metabolites, and toxaphene.

FIGURE 1

STREAMS OR SEGMENTS
NOT PRESENTLY MEETING
FISHING AND SWIMMING
1983 GOALS
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FIGURE 2

WATERS NOT CURRENTLY
SUPPORTING FISHING AND
SWIMMING BUT EXPECTED
TO BY 1983

---
In the remainder of the State's waters, 1983 water

quality goals are now being met or, with a few notable
exceptions, are expected to be met by 1983. A number of
streams or segments outside the delta are not now meeting
the goals due to fecal coliform or dissolved oxygen
problems related to point source discharges of inadequately
treated municipal sewage. These problems are expected to
be cleared up by 1983. Greatest improvements are expected
in the main stem of the Arkansas River, whim has already
shown substantial water quality gains in recent years. Other
streams are affected by acid mine drainage or oil field brine
problems that will probably improve significantly by 1983
under current programs but will still not meet the stated
goals due to the nature of the pollutant input.

In streams where industrial waste discharges occur,
the improvements that have been or will be noted by
implementation of the best practicable control technology
(BPT) requirements of PL 92.500 are often quite signifi-
cant, but incremental improvements expected by going
from BPT to BAT (best available control iachnology) will
often be obscured because of nonpoint source pollutant
input to receiving waters. This is particularly true of
industries discharging to south Arkansas streams affected
by oil field brines.

Little detailed information is available on the
eutrophication potentie of Arkansas' lakes. When the
results of the 1974 National Eutrophication Survey become
available, they will be included in future editions of this
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report. In general, however, the large clearwater impound-
menu in Arkansas contain good to excellent quality water
but are, in some cases, threatened by rapid and uncontrolled

shoreline development, particularly when inadequate
methods of domestic waste disposal we used.

R gular water quality monitoring is presently
performed on approximately 6,150 miles of the State's
potentially fishable, swimmable streams. This total includes
all of the major streams of the State. From 5: purely water
quality standpoint, all of these streams would be suitable
for the above uses in the absence of man's influences.
However, considering the present effects of man's in-
fluences on the quality of these waters, it is projected that
4,450 miles, or 72 percent, will meet the 1983 goals of PL
925(rii. This leaves 1,700 miles, or 28 percent, that will not
Meet the goals, generally because of nonpoint source
pollution.

In 1974, a sewerage works "needs" survey for
Arkansas was completed. The total amount needed for the
correction of all categories of sewerage problems was
calculated to be $1,336,858,000.

There are 351 Arkansas towns without any type of
sewer system, representing a population of 72,248.
Approximately 25 of these communities either have puns
completed or construction plans under way for new sewage
collection and treatment systems.

There have been very few data collected as yet on the
type of treatment needed and costs necessary to meet the
best practicable treatment technology (BPT) and best
aesilable treatment technology (BAT) requirements for
industrial dischargers in 1977 and 1983. respectively.
Possibly an industrial treatment costs questionnaire would
be the best way to produce this information, and this
method will be undertaken if necessary for inclusion in
future reports.

There are three major groups of industries in
Arkansas that are significant both for the number of people
employed and for their polluting potential. These include
the food products industry, the forestry-related prodocts
industry, and the chemical products and petroleum refining
ir.listry. Rough treatment cost estimates were made on
various segments of these industries; however, these at best
provide only vague indications of total costs.

Recent proposals have been made by EPA relative to
permit requirements for point source discharges from
concentrated feedlots, silvicultural activities and agricul-
tural operations, including irrigation return flows. As yet
we have no information on control costs for these point
sources. It might be noted, however, that the establishment
of permit requirements for agricultural discharges, such as
irrigation return flows and fish farming operations, will
have considerable impact in terms of administrative costs
alone in a highly agriculturalized state such as Arkansas,
with concomitant benefits being rather unlikely.

Information on nonpoint source control costs is

totally lac-king. The implementation of Section 208 plan-
ning should produce such information.
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An assessment of social and economic benefits
resulting from pollution control programs must first con-
sider the many aspects of recreation found in and on the
waters of the State. There are approximately 10,000 miles
of fishable streams and 600,000 acres of man-made and
natural lakes in Arkansas. During 1973, 437,081 resident
fishing licenrs were sold in the State. In 1975, 95,757
trout stamps were issued, and the State ranked 7th
nationally by selling 201,348 no^ sident fishing licenses.

There are 32 state parks ;.i Arkansas, most of which
feature water-based recreational facilities. In 1975,
6,943,000 people visited these parks. There are an esti-
mated 300,900 boats on Arkansas' waters, with boating
activities including fishing, sailing, waterskiing and canoe-
ing. During 1975, over 34 million people visited the 20 U.S.
Corps of Engineers recreational facilities in the State. It is
entirely obvious that water-based recreation provides vast
economic and social benefits to the people of Arkansas, and
that prevention and control of water pollution is a

significant factor in preserving and enhancing these
benefits.

In 1975, as a result of water pollution. control
programs, the classification of two streams was upgraded to
permit body contact recreation witere such had previously
been undesirable due to pollution. Also, two tertiary
treatment facilities were completed, which discharge to the
watershed of the Buffalo National River, providing a
considerable measure of protection for this unique and
immensely valuable natural treasure.

The evalution of nonpoint source water pollution in
Arkansas and the development of contro: programs for the
various categories of such pollution is just now getting
started under the areawide wastewater management plan-
ning provisions of Section 208 of PL 92.500.

As mentioned previously, agricultural nonpoint
source pc:lution is the category of most significance in
Arkansas. The erosion control programs the U.S. Soil
Conservation Service, if completely implemented, would
result in considerable improvement in the quality of runoff
from agricultural watersheds, but it is questionable whether
this program alone would allow water quality goals to be
met. This would, however, be an important step, and we
would welcome the solution of the financial problems that
have retarded implementation of this program.

The severity of nonpoint source pollution from the
widespread silvicultural activities in Arkansas is an area of
considerable question and controversy. Representatives of
311 aspects of forestry interests as well as the general public
have considered the problem and recommended specific
steps to define and control the problems that are found to
exist. The formation of a research task force for this and
other areas of nonpont source pollution is being con
sidered as a part of the Section 208 planning program.

Acid mine drainage continues to be a problem in the
bauxite mining areas of Arkansas and in other very
localized areas. Control efforts are under way in the bauxite
areas that should alleviate the problems somewhat, but a
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thorough evaluation of the effects of these programs is not
scheduled until the summer of 1978.

Information on non-point source pollution related to
construction activities and urban runoff will be forth-
coming following completion of Section 208 studies planned
or in progress for the areas designated as having substantial
water quality control problems as a result of urban-
industrial concentrations or o.hcr factors. These designated

APPENDIX A

areas are Texarkana-Miller County, Little RockNorth Little
Rock, Fort Smith and Pine Bluff.

Brine pollution from both point and non-point source
pollution in the South Arkansas oil fields is a problem of
long standing and will continue to be a problem for some
time regardless of control efforts. Recent surreys of this
area, however, have resulted in specific recommendations
designed to minimize the problems as much as possible.
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APPENDIX A
Summary - State of California

Complete copies of the State of
California 305(b) Report can be
obtained from the State agency listed
below:

California State Water Resources Con-
trol Board

1416 Ninth St.
Sacramento, CA 95814
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Summary

The purpose of the Annual Water Quality Inventory
report is to present a summary of water quality conditions,
problems and control activities. The Inventory fulfills the
requirement of Section 305(b) of the Federal Water
Pollution Control Act Amendments of 1972 (PL 92-500).

Rather than attempt an exhaustive survey and re-
production of all water quality data gathered in water year
1975 (October 1974-September 1975), a task which would
duplicate the efforts of numerous local, State and Federal
agencies, conditions on selected water bodies have been
highlighted.

Historical data for five major repres:mtative rivers are
presented in Chapter 3 to portray long-term water quality
trends. These rivers, the Klamath, Sacramento, San
Joaquin, Truckee and Colorado, are each indicators of
water quality conditions in important areas of California.
Actual data obtained at stations on each of the Priority I
rivers are tabulated in Appendix A to this report. In
addition, the history of Regional Board activities to
improve water quality in San Francisco Bay, Los Angeles-
Long Beach harbors and San Diego Bay is highlighted.

Analysis of water quality data for 1975 indicates that
conditions in California are generally outstanding and water
quality usually meets standards, as shown in Chapter 4.
Water quality problems do exist, however, and summarized
descriptions of these problems are presented in Chapter 5.
The number and severity of water quality problems caused
by point source discharges has markedly decreased in the
last several years, due primarily to the enforcement
activities under the State's Porter - cologne Act and the
stimulus to facility construction provided by grants from
the State's Clean Water Bond Fund and from Federal

APPENDIX A

construction grant funds.
The major water quality problems facing the State of

California in the next decade will be the most difficult to
resolve. These are nonpoint source problems, which are
generally widespread geographically, difficult to define
exactly, and usually the result of long-held land use
practices. Examples are: Sediment and 'debris washed into
streams as a result of logging practices; groundwater
mineralization; increasing salinity in the Colorado River
which supplies water to large areas of southern California;
increasing salinity of the Salton Sea, endangering fish life
and the local recreation industry; and seawater intrusion
into formerly usable groundwater aquifers at numerous
points along the coastline. These problems are often due to
complex causes which have their roots in historically
institutionalized practices. Solutions will often be prohibit-
ively expensive, as well as politically difficult to achieve.
However, these are the major issues which the State and
Regional Boards must confront and resolve in order to
make significant progress in solving problems related to the
quality of California's waters.

The cost of achieving the national water quality
objectives established in PL 92-500 will be staggeringly
high. Estimates of the costs of meeting Federal objectives
for treatment of municipal sanitary sewage and storm water
are contained in Chapter 6. A total of 1.6 billion in grants
has been committed from State and federal funding sources
for constructing municipal sewerage facilities. The total
estimated cost of municipal projects needed to meet
Federal 1977 waste treatment standards is 4.2 billion.

A brief summary of the impact on the environment
of wastewater treatment facility construction and imple-
mentation of the control measures necessary to successfully
attach the larger non-point source problems is presented in
Chapter 7.
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APPENDIX A
Summary - State of Connecticut

Complete Copies of the State of
Connecticut 305(b) Report can be
obtained from the State agency listed
below:

Division of Water Compliance and
Hazardous Substances

Department of Environmental Protection
165 Capitol Avenue
Hartford, CT 06115
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Executive Summary
Water Clue lity Monitoring

The State of Connecticut presently operates two
types of monitoring programs. These two programs are
dissimilar in nature because they have been established for
different purposes.

The first program is the short-term intensive water
quality program which generates a large volume of water
quality data during a relatively short period of time (several
days). The purpose of this data is to provide a "complete
description" of water quality in a critical stream segment
during critical conditions (low flow and high temperature).
The value of this program is that 'with the data generated by
this monitoring program; mathematical representations of
water quality reactions can be used to predict treatment
levels which will result in the achievement or the mainte-
nance of water quality standards.

The second program is the long-term or trend
monitoring program. The purpose of this program is to
monitor water cuality over a long period so that water
quality trends may be discovered. The value of this program
is that documentation of water quality changes provides the
basis of evaluating the effectiveness of water pollution
control programs, and indicates a need for redirection or
expansion of current water pollution control efforts.

Long-term Trend Monitoring
In 1967, a long-term trend monitoring network or

primary monitoring network was established. This _network
consisted of 96 stations throughout the State. Sample
collection and analysis were accomplished during the
spring, summer and fall for a total of three samples per
station per year. Parametric coverage consisted of physical,
chemical, and bacteriological parameters. This network has
been replaced by a new monitoring network which was
initiated in July, 1973.

The monitoring network, started in July, 1973,

consists of 43 stations in the entire State. Samples are
collected monthly and are analyzed for physical, chemical,
and bacteriological parameters. Additionally, sediment
samples are analyzed once per year. This network is
expected to be increased to 90 stations as funding becomes
available. Table 1 lists the physical and chemical parameters
being monitored. In addition to the physical, chemical and
bacteriological parameters, the State is also monitoring
biological communities. At present, there are 30 biological
stations in Connecticut. The inclusion of biological moni-
toring is a necessary advancement in the monitoring
program since Connecticut's Water Quality Standards
state: "The water shall be free from chemical constituent
in concentrations or combinations which would be harmful
to human, animal, or aquatic life..."

Without biological data to relate the chemical data to
the biological communities, compliance or noncompliance
with the above requirement could not adequately be
determined.
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TABLE 1

PHYSICAL/CHEMICAL PARAMETERS
MEASURED BY U.S. GEOLOGICAL SURVEY

UNDER CONNECTICUT'S PRESENT
LONG-TERM MONITORING PROGRAM

Date
Time
Salinity (ppt)
Instantaneous discharge (cfs)
Dissolved manganese

Dissolved iron
Dissolved copper
Dissolved calcium
Dissolved zinc
Dissolved magnesium
Dissolved sulfate
Dissolved chloride
Total phosphorous
Dissolved ammonia nitrogen
Total nitrite plus nitrate
Organic nitrogen
Total Kjeidahl nitrogen
Total nitrogen (N)
Total nitrate (NO3)
Total organic carbon
Air temperature
Dissolved oxygen
Percent saturation
Weather
Immediate coliform
Fecal coliform
Streptococci (fecal)
MBAS
Color
Turbidity
Oil and grease

Cyanide
Chlorophyll 11.A
Chlorophyll 11B
Floating algae mats (severity)

PH
Bicarbonate (HCO3)
Carbonate (CO3)
Alkalinity as CAC03
Hardness (Ca, Mg)
Noncarbonate hardness
Specific conductance
Total residue
Floating debris (severity)
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In addition to the biological sampling and analyses,
the following are being provided:

1. An extensive literature survey of existing data
collected by Federal agencies, universities and
private organizations for each body of water
samples, The survey will cover physical

characteristics and land use characteristics.

2. Sampling reports which will contain a

discussion of composition complexity, stability,
and productivity of each biological community
and detailed interpretation of the significance
of these factors with respect to water quality
impacts from local land use patterns and direct
pollution loadings.

3. An evaluation of the program and program
redesign recommendations.

4. A study to determine the most effective
manner in which the Department of
Environmental Protection can absorb and
continue the monitoring program at the end of

the contractual period.
5. A field and classroom training program.
6. A reference library.
7. Reference collections.
& Field and laboratory equipment.

Linear Regression Analysis

The data gathered by the State's long-term trend
monitoring network were used to make an analysis which
would discern any statistically valid trends over the period
of record. The linear regression analysis uses a time-
dependent variable (along with other variables such as flow
and temperature), to identify trends in the data.

The findings of this study overwhelmingly indicate
that water quality in the State of Connecticut is improving.
Of the 92 tests performed, 67 or 73 percent show signs of
improvement. Of these 35, 40 percent show improvement
at the 90 percent level of confidence and 35 tests show that
the rate of improvement is significant.

Also, of importance is the finding that of the 92 tests
peAormed only 5 percent show signs of degradation.

As the data base improves and expands in terms of
the number of measurements, it is expected that the data
will show stronger trends. Most of these trends are already
in the direction of improvement. As more measurements
are available the trend of improvement should be strength.
ened.

Most of the improvement which this study reveals is
due to the control of point source pollution through the
application of best practicable wastewater treatment
technology. As the State Water Pollution Control Program
progresses to application of advanced waste treatment
systems and, as necessary, contfel of non-point source
pollution, improvement in water quality can be expected to
cdntinue.
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Basin PlanningSection 303(e)
The phase I basin planning process in Connecticut

will culminate in June, 1976 with the submittal of the
remaining draft basin plans covering the entire State. These
plans will include loading allocations for water quality
limited segments where feasible. Load allocations for more
complex systems or systems with incomplete data bases are

still being analyzed. These basin plans will then be
incorporated into the annual State strategy for water
pollution control.

Area-wide Waste Treatment Management Plan-
ningSection 208,

Connecticut submitted an application in May of 1975
for an $8.9 million statewide Section 208 program. This
program was not funded by the EPA and the State has
initiated a legal action to obtain the funds. (NOTE: In
1976, the state was awarded a $1 million Section 208 grant
at 75 percent EPA funding).

Facilities PlanningSection 201
The general cost breakdown for Section 201 con-

struction grants is given in the report. Specific grants by
municipality are given in Appendix E of the report, the
Construction Grants List. Advanced waste treatment grant
allocations reflect load allocation analysis from completed
Section 303(e) plans.

NPDES Permit ProgramSection 402
In 1975 there were 214 NPDES permits issued. This

brings the total permits issued since 1974 to 589. Of the
cumulative total, 85 major municipal permits were issued in
1974 and 40 minor municipal permits were issued in
1974-75. The remainder of the permits (464) are non-
municipal.

Past Activities
Connecticut began a statewide program of compre-

hensive water pollution control in 1925 when it established
the State Water Commission. This commission established a
pollution abatement program in conjunction with the State
Department of Health. In 1957 the State Legislature

superseded this commission with the Water Resources
Commission. Connecticut drafted the Clean Water Act in
1967. This act called for the restoration of water quality
onsistent wtih the uses and wishes of the State's citizens.
The subsequent water quality standards prepared by the
State in 1967, were approved in total by the Federal
government in 1970. These stream classifications were
revised in 1973 by the State to reflect water quality
improvements. The Water Resources Commission acted as
the State Water Pollution Control Agency until the present
Department of Environmental Protection was established
by the Gt.neral Assembly in 1971.

Before 1972, the State's water quality goals did not
require a minimum standard of "B" for every stream in
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Connecticut. The new goals, in part a result of the 1972
Amendments, will have effects on future growth and
development patteins, due to the cost of attaining and
maintaining these goals. State programs for clean water
have attempted to address water quality problems which
result from many sources including septic system failures,
the discharge of inadequately treated domestic sewage and
industrial wastes, periodic raw sewage discharges resulting
from combined storm and sanitary sewer systems, and the
effects of groundwater and surface water inflow and
infiltration to sewers as well as those of urban runoff and
other "non-point" sources. Much of the momentum gained
under Connecticut's Clean Water Program initiated in 1967
was reduced when the State could no longer pre-finance
water_ pollution control projects. The momentum was
further reduced due to several procedural requirements of
PL 92-500.

Progress

A survey was conducted in 1975 by the Water
Compliance Unit of DEP to determine the progress made in
upgrading water quality. The survey found that since 1967,
165 stream miles or 25 percent of all State streams
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requiring upgrading have been improved to comply with the
1983 water quality goals. These improvements are mainly
attributable to the success of the State's program in
expanding and upgrading treatment plants to secondary
treatment providing extensions of sewer serve where
needed, eliminating or providing appropriate treatment of
industrial waste discharges and eliminating a number of raw
sewage discharges caused by sewer system infiltration and
combined storm and sanitary sewer systems.

A summary of water quality inventory indicates that
all basins suffer from non-point source pollution in varying
degrees. Large river basins with water quality limited
segments like the Connecticut River are hampered in
improvement efforts because of combined sewer and
nonpoint source problems. As basin plans are completed,
the State will develop its strategy for meeting these future
Water quality needs. The progress of improving water
quality will depend largely on the levels of Federal
construction funding realized for this purpose especially
with respect10 allocations for combined sewerage facility
correction which are presently non-existent and where
administration requirements limit the ability to realize
project goals with available funds.
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APPENDIX A
Summary - State of Delaware

Complete copies of the State of
Delaware 305(b) Report can be
obtained from the State agency listed
below:

Division of Environmental Control
Department of Natural Resources and

Environmental Control
Tatnall Building, Capitol Complex
Dover, DE 19901
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Summary
Delaware's streams are generally in very good condi-

tion. As reported last year, ten stream segments are already
meeting the 1983 goals of the Federal Water Pollution
Amendments of len. Four additional segments are
expected to meet these goals by next year. The remaining
seven should be able to meet the goals by 1983.

Most of Delaware's streams support the propagation
and maintenance of fish and wildlife. The majorarea where
this is not the case is the Delaware River from the State
Line to the vicinity of the Chesapeake and Delaware Canal
where pollution prevents some, though not all, species from
flourishing.

Improvements in this section of the river remain
dependent upon the upgrading of major industrial and
municipal treatment facilities upstream in the States of
Pennsylvania and New Jersey. The elimination and/or
control of point sources in the stream basins have high-
lighted non-point sources which include pollution of man-
made origin from urban and industrial areas, and that of
natural origin such as wildlife and waterfowl. During the
remainder of this decade, Delaware will concentrate on
quantifying the effect of the non-point source problems
and attempt optimum control strategy. Completion of
Section 208 Plans by areawide waste management agencies
will assist the State in this effort. An evaluation of the
State's water quality is presented in Table 1 at the end of
this summary.

The United States Environmental Protection Agency
(EPA) has delegated its authority to the Department of
Natural Resources and Environmental Control (DNREC)
for issuing National Pollution Discharge Elimination System
(NPDES) permits. These permits establish a timetable for
meeting the State and Federal reo, -ements of best
practicable technology by July 1, .. Some municipal
waste discharges cannot meet the deadline because con-
struction, although underway, will not be completed by
that date. The permit requirements have also eliminated a
number of discharges which are now connected to waste-
water collection and treatment systems or converted to
another type of discharge, e. g., spray irrigation.
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Delaware's Water Quality Management Program is a
continuing one and recognizes that issuance of permits
alone does not mean achievement of all standards. It takes
years for plans and programs to be put into effect and, once
completed, additional time is needed for the various stream
segments to recover. In some estuaries it may not be
possible to meet shellfish and swimming criteria for total
and fecal coliforms because of the substantial migratory
bird population.

The State has a continuing concern with ground
water quality degradation and is taking forceful action to
prevent it. The experience with landfalls that have resulted
in aquifer contamination has led to the establishment of
strict, new standards for such disposal methods. Both their
location and construction are carefully regulated. The
expanding population of Delaware has also increased the
demand for septic tank use and this, too, is being carefully
scrutinized and regulated.

Delaware also faces eutrophication problems in most
of its lakes and ponds. The Department has cooperated
with the EPA in the National Eutrophication Survey of
Selected Ponds in the State of Delaware.

Another problem enumerated last year is the en
croachment of urban development along the shores of the
inland bays. The growth rate of such development has been
slowed because of economic conditions, but the potential
exists for accelerated growth with the improvement of the
economy.

The cost estimates for wastewater treatment facilities
have not changed from last year's report. Many water and
related land use activities will, it is hoped, reduce the total
costs through nonstructure control programs.

In order to provide a uniform basis for various
planning activities a spbcial consortium of planners repre-
senting all interested parties was created to study popula-
tion projection procedures. This effort has resulted in a new
population forecast for the coming decade which will be
used by all agencies.

This summarizes Delaware's problems and its plans to
cope with them as we move to make all of our water
quality compatible with the goals established by Congress.
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TABLE 1

1975 SEGMENT EVALUATION

Segment description Segment number Classification WQL /EL State priority Evaluation of water quality

Naaman's Creek 1 EL 15 III

Brandywine Creek 2 EL 12 I

White Clay Creek 3 EL 7 II

Upper Christina 4 WQL 1 11-

Lower Christina 4 EL 1 III

Red Lion Creek 5 WOL 10 II

Chesapeake & Delaware Canal 6 WQL 9 I

Blackbird-Appoquinimink 7 EL 4 II

Chesapeake Drainage System 8 EL 19 I

Smyrna River 9 EL 11 II

Leipsic River 10 EL 14 II

St. Jones River 11 EL 6 II

Choptank River 12 EL 20 I

MurderkiH River 13 EL 13 II

MispillIon River 14 EL 16 II

Cedar Creek 15 EL 17 II

Broadkill River 16 WOL 8 III

Nanticoke River 17 WQL 3 I

Indian River 18 WQL 2 I

Little Assawoman
..

Branch.duntings

19
20

EL
EL

5
18

II
III

Delaware River River Mile 78.8 to river mile 59.5 III

59.5 to river mile 48.2 II

Delaware Bay I

Atlantic Ocean I

NOTE: A detailed assessment of each segment is provided in the text of the report.

KEY:

I Waters of good to excellent water quality which basically meets all water quality criteria with only minor, infrequent violations of.
water quality standards.

II Waters of fair to good water quality which periodically have some problems in one or more water quality criteria.

III Waters in which there is perennial problem in meeting on; or more water quality criteria. Most of these are tidal waters impacted

by the natural process of the estuarine system.



APPENDIX A
Summary - District of Columbia

Complete copies of the District of
Columbia 305(b) Report can be
obtained from the State Agency listed
below:

Department of Environmental Services
Water Resources Management Admin-

istration
415-12th St. NW Room 307
Washington, D. C. 20004
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This report represents the first annual update of the
305(b) Report for the District of Columbia. It is an

appendix to the 1975 305(b) Report issued in April 1975.
As an appendix, this report details only progress and
problems the District has had in implementing the provi-
sions of the 1972 Federal Water Pollution Control Act (PL
92-500) in the past year. Information concerning previous
water quality trends and historical aspects of the problems
the District faces can be found in the 1975 305(b) Report.

Construction Progress at
Blue Plains Wastewater
Treatment Plant

Much progress has been made toward the implemen-
tation of full secondary treatment at Blue Plains. During
1975, contracts for additional secondary treatment facili-
ties achieved 90 percent completion. Contracts on solids
processing, primary flow metering, the chemical building,
the multi-media filtration facility, and the central opera-
tions facility were in progress all year. All of these contracts
are approaching completion. Contracts for nitrification
sedimentation, instrumentation, and expansion of a raw
wastewater pumping station were initiated in 1975. These
contracts were 28 percent, 36 percent, 5 percent, and 2
percent of.mplete respectively at the year's end.

Construction during 1975 was slowed by a s;x-month
labor strike. As a result, construction slipped about six
months behind schedule. Completion of all construction is
now scheduled for late 1978, with facilities coming on line
in mid-1979.

NPDES Permit Program
The District has not elected to seek the authority to

issue NPDES Permits. The District, however, has retained
certification authority. Authority and responsibility for
issuing the permits iies with the EPA. The EPA issued no
permits to industrial or commercial discharges in the
District during 1975.

Monitoring Program
The D.C. Department of Thvironmental Services'

( DES) Bureau of Wastewater eatment's monitoring
program remained unchanged r 'flout 1975. Results
were circulated and monthly st. aries released. Some
biological sampling was done in cooperation with William
T. Mason of the Interstate Commission on the Potomac
River Basin. Biological sampling will be upgraded in 1976,
with the addition of a biologist to the Bureau of
Wastewater Treatment laboratory staff.

In addition to the sampling program of the Bureau of
Wastewater Treatment, the DES, Bureau of Air znd Water
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Quality Control sampled 24 stations in free flowing
streams, including Rock Creek. The number of stations was
reduced to 10 in 1976. Samples are collected monthly and
processed at the Bureau of Wastewater Treatment's Blue
Plains Laboratory. Due to a lack of staff, Rock Creek
samples were not taken during January, February, May,
July, August, and November.

During 1975, work started on the formulation of
PEP, a comprehensive monitoring plan for the Potomac
Estuary. The Interstate Commission on the Potomac Basin
was requested to formulate a monitoring program which
would address two major issues: First, changes in water
quality which occur as the result of improvements in area
wide waste treatment in the absence of denitrification at
Blue Plains; and second, data required for the calibration
and verification of mathematical models capable of predict-
ing the additional improvements which would occur in
estuarine water quality if denitrification were to be
implemented at Blue Plains. The results of PEP will be
integrated with the District's Water Quality Monitoring
Program in 1976.

Sludge Disposal
Disposal of Blue Plains sewage sludge, both raw and

digested, has been and will continue to be one of the most
serious, difficult, and complex problems facing water
pollution control efforts in the District. During 1975, a
court-ordered agreement specifying the responsibilities of
each of the jurisdictions using the Blue Plains facility, with
regard to sludge disposal, want into eff2ct. Daily operations
of the trenching of sludge have gone relatively smoothly
under the provisions of that agreement.

Trenching, however, cannot continue to be the
method of choice or sludge, disposal much longer. One
prime reason for this is the large amount of land which will
be required to hold the increasing daily volume of sludge to
be produced at Blue Plains. Some 600 acres/year would be
required for the 1980 production of 1,800 wet tons/day.
Further, since the disposal sites are not to be used for other
purposes for a minimum of five years, a minimum of 3,000
acres would be required on a continuing basis. An
investment of this size is impractical given the current value
of land in the metropolitan area.

Attempts at providing viable alternative methods of
sludge disposal have been stymied because of the other
environmental problems they may create. A pilot facility
designed to produce a commercial soil builder from the
sludge has run afoul of stringent air pollution control
requirements. Incineration also contributes to the air
pollution problem and is quite costly, and also could
contribute to violations of Federal Ambient Air Quality
Standards. Composting of the raw sludge seems to be
technically feasible and financially attractive, if a market
for the compost can be found. However, no real marketing
to test salability can take place until the necessary
approvals are obtained and health permits are issued.
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The Blue Plains Technical Committee, in response to
the court requirement that agreement be reached on a

permanent solution to the sludge problem by July 1, 19713,_.

has been developing a program which would provide such a

solution. No final agreement was reached in 197E. When

such an agreement is reached it will balance the risks and

benefits of the alternatives outlined above.

Non-point Source Programs
Through 1975, the District sought EPA approval for

an engineering study of treatment alternatives for combined

sewage overflows. As of this writing, approval for the study

has been given, but contracts have not been signed.
The District has been participating in the develop.

ment of nonpoint source studies by the Metropolitan
Washington Resources Planning Board (WRPEs) for the
Section 208 planning program. As presently conceived,
these studies should provide a firm estimate of the amounts
of non-point source pollutants contributed to the estuary
by land in various kinds of use. Pollutant loadings will also

be related to type, frequency, and duration of storms.
Primary data for the study will be gathered in the

Occoquon and Four Mile Run watersheds of Northern
Virginia, directly across the Potomac from the District.
Demonstration of the applicability of the results of the
Northern Virginia studies to other jurisdictions in the
metropolitan area will be accomplished by using the
Northern Virginia data to preduct pollutant loadings for
watersheds in Montgomery County, Maryland, and then
comparing those predictions to actual data to be taken in

the same Montgomery County watersheds.
The WRPB studies, in conjunction with the District's

combined sewer engineering study will provide the neces
vary data base for formulating a rational, efficient, coordi-
nated program for nonpoint source controls in the metro-
politan area.

1975 Water Quality
Water Quality in the District's three major streams,

the Potomac, the Anacostia, and Rock Cre-k will be
discusse,d seperately.

Potomac River

With the exception of conform bacteria, water
quality in the Potomac mainstem of the District was quite
good. No nuisance algal blooms of note were recorded, and

dissolved oxygen problems, so prominent in the past seem

to have diminished. No violations of DO standards for the
mainstem were recorded in 1975. Water Quality in the

v'otomac mainstem was probably improved by the high
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flows recorded in 1975.
Conforms Measurements in the Potomac frequently

violated the District's standards. Because of this, the

Potomac did not meet the FWPCA 1983 goals of 'fishable
and swimmable water.

Anacostia_River

Water quality in the Anacostia remains very poor.
Major problems are low dissolved oxygen and high coliform
levels. The extremely poor water quality in the Anacostia is
due both to the District's own urban and combined sewer
runoff and the high levels of pollutants entering the District
from the Anacostia tributaries in Maryland.

Rock Creek

Very scanty data are available from Rock Creek for
1975. No creditable conclusions as to water quality trends
can therefore be drawn. Few dissolved oxygen problems
seem to exist, coliform counts are quite high, and
suspended solids are quite variable, as is to be expected in a

small urban stream.

Future Water Quality
As reported in the 1974 305(b) report, modeling

studies done for the National Commission on Water Quality

indicate that dissolved oxygen standards in the estuary will
be met when full secondary treatment facilities are on line

at Blue Plains. The 1975 Water Quality data gathered by

the District substantiates this conclusion.
Most of the District's remaining water quality prob-

lems are due to nonpoint sources of pollution, both in the
District and in the surrounding metropolitan area. The

Metropolitan WRPB is undertaking the responsibility for
Section 208 Planning in the metropolitan area. One of the
major responsibilities of the planning effort is to prepare an
areawide scheme for control of nonpoint source pollutants.
Until this plan is complete it is impossible to soeculate on
the extent of future improvements in water quality
problems caused by nonpoint source pollutants.

Regardless of the plan formulated by the WRPB, the
control of nonpoint source pollutants in the Washington
Area is expected to be a difficult and complex task.
Therefore it is not anticipated that the 1983 water quality
goals of PL 92-500 will be met in the streams of the District
by 1983. In particular, bacteriological standards violations
will still likely occur, making swimming hazardous. In
addition, there will likely remain the potential for noxious
blooms of algae in the estuary. Large diurnal variations in
dissolved oxygen are likely as a result of such blooms, if
and when they occur, causing temporary but perhaps
critical violations of dissolved oxygen standards.



Cost of Water
Pollution Control

Costs for water pollution control in the District
have risen markedly since the early 1950's. In fact, costs
permillionallons treated will have risen tenfold when the
facilities currently under construction have been corm
pieced. This is largely due to the approximately 500 million
dollar capital cost of Blue Plains expansion. If denitrifica
tion facilities are col structed, capital costs will rise yet
another hundred million. O&M costs for the Blue Plains
plant are estimated to be about 35 million per year .vithout

4
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denitrification, and over 46 million per year with denitrifi-
cation.

Costs for storm water treatment in the Distric:
cannot be firmly estimated at this time, but could
conceivably be higher than 1 billion dollars. Since no
NPDES permits have been sued to industrial dischargers,
industrial waste treatment cost estimates are not available
at this time.

suchsuch large costs will be hard for the
District's taxpayers to bear, even with Federal grants. The
District believes that the benefits to be derived from such
enormous proposed expenditures must be critically
examined.
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Complete copies of the State of
Florida 305(b) Report can be
obtained from the State agency listed
below:

Department of Pollution Control
2562 Executive Center Circle
Tallahassee, F L 32301
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Summary
The water resources of Florida are among the most

unique, valuable, and widespread of any State in the
Nation. The shoreline of Florida fronts on the Gulf of
Mexico and the Atlantic Ocean. Including saltwater rivers,
islands, bays, and sounds, the shoreline extends for nearly
11,000 linear miles. Inland waters de 1,711 named
streams ranging in length from 0.4 ,ies to 818 miles.
There are 7,712 named and unnamed lakes ranging in size
from one acre to almost one-half million acres. The only
living coral reef in the continental United States forms the
eastern barrier of the Florida Keys.

The wildlife resources of Florida are numerous and
diverse. Commercially valuable fisheries harvest shellfish
and finfish. Water sports, including sport fishing, in

conjunction with the mild climate, act as attractions to the
millions of tourists who visit Florida annually.

Freshwater streams are being considered as potential
sources of potable water for the rapidly growing metro-
politan areas of southern Florida, and these same streams
are being proposed for impoundment and industrial
development. Maintaining the quality of its waters must be
a high priority of the State since the economy of Florida,
more than that of most other States, relies on activities
which are dependent upon the aesthetics and the natural
resources associated with plentiful supplies of clean, high
quality water.

Even though clean waters are an economic asset of
considerable value to the people of Florida, considerable
stresses have been placed on the aquatic systems of Florida
by industrial development and by the rapid, recent increase
in the population. (Florida's population has increased by
the greatest absolute number of any State in the past ,few
years, and it has been projected to double by 1985.)
Florida waters are polluted from several different sources.
Industrial polluters include agricultural processors, chemical
plants, paper mills, and electrical power plants. Domestic
wastes from households and wastes from smaller com-
mercial operations are discharged to the waters of the State
by sewage treatment plants, ocean outfalls, and septic tank
drainage. Pollutants not attributable to specific sources
include storm runoff from urban areas; drainage from
farms, forests, and mines; intrusion of saltwater into
depleted freshwater aquifers; and discharges from ports and
marinas. Another major source of pollution in Florida is
dredge and fill activities involving the destruction of
submerged lands and wetlands, disposal of dredged spoil,
and shoreline alteration.

This latter source of pollution is a particular problem
in Florida. Large numbers of people from other parts of the
country are retiring to Florida or are building vacation
houses here. This influx of people has contributed to large
demands for water-front property. This has been met by
land developments in which canals have been dredged
through wetlands and uplands, marshes have been filled,
and canalfront lots are constructed. These land use
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practices have stressed the aquatic ecosystem by eliminating
natural drainage and allowing poor water quality conditions
to deve.ap, by removing productive wetlands from the
ecosystem, by reducing the habitat available for larval fish
and shellfish, and by reducing the capacity of the wetlands
to filter pollutants from runoff. These problems taken
together make uncontrolled proliferation of canal systems
and shoreline alteration a serious long-term Florida water
quality problem. In the long term, these activities may have
the potential to damage or to destroy many of the
aesthetics and natural resources which originally attracted
retirees and vacationers to Florida.

More immediate water quality problems are related to
cultural eutrophication, the human-aided and abetted in-
crease in the rate of aging of a body of water. Data
presented in this report show that the levels of nutrients
(nitrogen and phosphorous) in almost every basin segment
in Florida are higher than the accepted norms. Secondary
water quality problems demonstrated by data in this report
include low levels of dissolved oxygen and high populations
of coliform bacteria. More rarely, high ievels of
phytoplankton are found.

The State of *Florida has responded to the problem of
water pollution :)y adopting and implementing a number of
environmental protection statutes (e. g. Chapters 253, 373,
and 403, F. S.). In Florida, the Department of Environ-
mental Regulation is the administering agency for programs
under the Federal Water Pollution Control Act of 1972
(P. L. 92-500). The goals of the Federal and State program;
are to manage discharge of domestic and industrial waste,
to control nonpoint source pollution, and to regulate the
alteration of bottoms and shorelines of State waters. The
State has also adopted minimum conditions for the quality
of its waters and has established a water quality classifica-
tion based on the uses of water bodies.

Point discharges of domestic and industrial wastes are
permitted under State and Federal (NPDES) programs.
Non-point source pollution will be managed by the State
and by the areawide 208 programs and by management
practices to reduce pollutants in runoff. The State has a
well-developed permitting system to require permits for
construction projects affecting submerged lands and wet-
lands. Such projects are evaluated for immediate and
long-term impacts on the aquatic ecosystem. These pro-
grams are, discussed in more detail in Chapters II and Ill of
this report.

Ten bodies of water in the State dia not meet the
Class III watt use criteria (safe recreation and fish and.
wildlife) in 1975. Six of these waters are expected to be
consistently within these criteria by 1983. Maintaining and
enhanceing water quality in the waters of the State will
require more advanced treatment of domestic wastes,
contrc' of nonpoint sources of pollution, and greater
protection of wetlands. These programs are necessary to
maintain the quality of the Florida environment, and they
will becLme even more urgent if the population increases as
rapidly as has been projected.
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Complete copies of the State of
Georgia 305(b) Report can be
obtained from the State agency listed
below:

Environmental Protection Division
Department of Natural Resources
270 Washington St., S.W.
Atlanta, GA 30334
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Summary
Current Water Quality and Trends

Most of Georgia's waters are of good quality. Since
there are more than 1,500 wastewater discharges from
municipalities, industries, and private developments in the
State, and since there are many non-point sources of
pollution which have significant effects on water quality,
the 130 water quality monitoring stations being operated
cannot assess adequately the effects of all point and
non-point sources of water pollution in the State. However,
monitoring stations are located on major streams at sites
which do not reflect much of the human impact on the
State's waterways. Based on this network of stations,
intensive stream surveys, operating reports from wastewater
treatments facilities, and other staff knowledge, water
quality in Georgia can be characterized as good or excellent
for approximately, 90 percent of the estimated 20,000 total
milesof streams. Unfortunately, many of those streams not
meeting water quality stanr'..-44 are major ones where
signifies 7.- water uses are ad tersely affected.

It is estimated that approximately 90 percent of all
the stream miles in Georgia were meeting fishing and
swimming water quality criteria in 1975. Less than 90
percent of the mileage of major streams met these criteria,
however. It is further estimated that some-5 percent of
Georgia's streams cannot meet the water quality criteria for
fishing Or swimming due to natural conditions. These
waters include primarily the swamp-like streams of South
Georgia which exhibit naturally low dissolved oxygen, low
pH (acid), and high water temperatures during summer and
fall months. The fa :t that these natural waters in South
Georgia and other parts of the State do not meet fishing
and swimming criteria certainly does not mean that they
are not fishable and swimmable. People have recreated in
certain of these waters for years, and fish have thrived in
these streams for thousands of years.

As in past years, water quality criteria violated most
were those for dissolved oxygen and fecal coliform
bacteria. Suspended solids, originating from soil erosion
caused by man's land-disturbing activities, and the resultant
desposition of sediment in streams, continues to be the
largest water quality problem caused by nonpoint sources
of pollution. Significant water quality deterioration due to
heavy metals, pesticides, toxins, acidity, and alkalinity were
not observed in Georgia in 1975.

Major problem areas in the State during 1975
continue to be the South River downstream from the City
of Atlanta and DeKalb County, the Flint River downstream
from Atlanta, College Park, and Clayton County; and the
Chattahoochee River downstream from Fulton County,
Cobb County, and Atlanta. There continue to be periodic
water quality standards violations downstream from urban/
industrial areas such ss Albany, Athens, Augusta, Bruns-
wick, Columbus, Dalton, Macon, Rome, Savannah, and
Valdosta.
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The trend-monitoring program has shown that the
water quality is stable at most of the 130 stations around
the State and that definite improvement trends are occuring
at a number of stations. No downward trends of water
quality have been documented.

Water Quality Goals

The Federal goal of having all waters in the United
States meet fishing and swimming criteria by 1983 will not
be accomplished in Georgia. Certain streams in the State
will not be able meet thse criteria due to their heavily
urbanized watersheds which result in poor query urban
runoff; other streams are so small in relation to the
amounts of wastewater discharged into them that it will be
economically and perhaps technically impossible for some
discharges to provide sufficiently high degrees of treatment
to allow water quality standards to be met.

It is not possible to predict the locations where and
extend to which-liuman influence will prevent waters in
Georgia from meeting the 1983 Federal goal of meeting
fishing and swimming standards, but it is believed that
those stream segments unable to meet the standards in
1983 will be less than 19 percent of the total stream miles
in the State, if sufficient Federal construction grant
allocations are provided for municipal wastewater treat-
ment needs between now and then. The estimated 5
percent of all stream miles in Georgia which cannot meet
fishing and swimming water quality criteria due to natural
conditions will not change. There are at least two dozen

-industries discharging treated wastewater,to streams so small
that it is fairly certain that levels of treatment in excess of
best available technology economically achievable (BAT) will
be required if the streams are to meet fishing criteria. There
are some 166 municipally owned wastewater treatment
facilities presently discharging to stream segments where
levels of treatment higher than secondary are needed in
order to meet water quality standards. Facilities Planning
under the Federal grants program should be completed for
nearly all of these municipal discharges by the end of 1977;
this planning will determine what needs to be done and
how much it will cost to solve these water quality
problems. Until the planning is completed, it will not be
known to what extent these municipalities can financially
and administratively implement nrograms to achieve water
quality standards.

Effects of Control Programs on Water Quality

Georgia's water quality control programs for point
sources of wastewater are currently based on the following
strategies:

1. Require municipalities to use PL 92.500 grants
for construction of treatment facilities where
needed to upgrade the quality of municipal
Effluents to secondary treatment standards or
higher treatment standards where required by
water quality in receiving streams; and
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2. Require all industrial dischargers to meet Best
Practicable Technology (BPT) treatment stan-
dards or higher treatment standards where
required by water quality in receiving streams.

Municipal grants are awarded in accordance with
Georgia'a construction grants priority system with the
highest priorities being put on solving the most serious
water pollution problems. Only about 1.5 percent of all
municipal wastewater generated in the State is receiving
primary treatment or no treatment, but in many cases
existing treatment facilities do not meet the Federal
effluent guidelines and/or do not provide treatment suffi-
cient to meet water quality standards. Eighty-four of
Georgia's 106 major industrial dischargers were in various
stages of design or construction of BPT facilities. Of 455
minor industrial dischargers in Georgia, it is estimated that
about 50 percent were providing BPT for their wastewaters
at the end of 1975.

A number of significant water quality improvements
were seen in major streams around the State in 1975 as a
result of the State's control programs. The Lower Savannah
River showed no dissolved oxygen violations at the Fort
Jackson monitoring site for the first year of record (i. e.,
the period of years over which official water quality data
have been collected); due to completion of treatment
facilities at all major sources of organic wastewater. Water
quality in the Ocmulgee River improved substantially as a
result of the start-up of Macon's Rocky Creek water
pollution control plant. Only two violations of dissolved
oxygen criteria were found at the Ocmulgee River auto-
matic monitor downstream of Macon during 1975, as
compared with 144 violations in 1974. Water quality in the
Conasauga River at Tilton downstream from Dalton contin-
ues to show an upward trend due to that City's water
pollution control programs. Again, 1975 was the first year
of record in which no dissolved oxygen violations were
found at the Tilton monitoring site.

Substantial improvements in the quality of the
Chattahoochee River are expected in 1976 since construc-
tion will finally be completed on the City of Atlanta's
H. M. Clayton treatment plant and improved op ations are
expected at the other major treatment facilities discharging
to the River. Current control programs underway in DeKalb
and Clayton Counties and the City of Atlanta will
significantly improve the quality of the South and Flint
Rivers in 1979 with completion of the advanced wastewater
systems currently being planned. The quality of the Lower
Savannah River will be increased even' further with the
completion of water pollution facilities for the American
Cyanamid Company. Many other improvements less signifi-
cant than these previously named will occur around the
State within the next several years.

Non-point Source Pollution

Control of non-point source pollution was a low
priority with the State Water Quality Control Section prior
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to 1975. During 1975, the Water Quality Control Section
initiated a statewide non-point source pollution assessment.
The assessment will be completed during the next two years
and the State will establish priorities and control strategies
for non-point sources as a part of the continuing planning
process. The Erosion and Sedimentation Act passed during
the 1975 session of the Georgia Legislature provides for the
establishment and implementation of a statewide compre-
hensive soil erosion and sediment control program. The
State Environmental Protection Division and local govern-
ments are given certain mandates to promulgate and
enforce ordinances for the control of erosion and sediment-
ation. This will be an integral part of the State's control
programs for non-point sources of water pollution.

Costs and Benefits

In 1975, $75.7 million were obligated by local, state,
and federal governments for municipal wastewater projects
it Georgia, thus satisfying about 7 percent of the $1.1
billion of needs projected in the 1974 National Needs
Survey for improvements to wastewater treatment plants
and construction of new interceptor sewers, force mains,
and pumping stations. The 1974 needs estimates were for
facilities to meet existing stream standards, but some of the
existing standards are lower than those for fishing and
swimming. The 1974 Needs Survey covers only capital costs
for building municipal- wastewater treatment facilities; it
does not reflect municipal operating costs which were in
the tens of millions of dollars during 1975 and which can
only increase in the future. Therefore, the total costs of
meeting the Federal goals will far exceed the estimates
made in the Needs Survey.

It is estimated that Gec,:gia's industries have expen-
ded more that $225 million sirce 1965 to reach the levels
of treatment provided for industrial wastewaters today, and
an additional $50 million will be spent by these industries
to achieve BPT by 1977. If industries are required to
upgrade treatment to BAT, it is estimated that they will
have to spend an additional $200 to $250 million.

At this time, it is hot possible to quantify the social
and economic benefits of water pollution control programs
already completed and to be accomplished in the future. It
w, s learned in 1975 that fish were returning to areas of the
Lower Savannah River where they had not been in many
years. Successful fishing in the Conasauga River down-
stream from Dalton's wastewater discharge was also
reporteda vast improvement over conditions five years
ago. It will be difficult to quantify the benefits of
improvements in fishing and recreation opportunities that
will accrue throughout the State as a result of the present
water quality control efforts, but they will continue to
accrue. A method for quantifying benefits is needed.

Recommendations
The Congress should delay for at least 5 to 10 years
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the requirement for industries to reach BAT. The effects of
current water pollution control programs should be seen
before decisions are made requiring more treatment. The
Congress should continue to provide a significant level of
funding ($5-$7 billion per year) for the PL 92.500
construction grants program with a fair and equitable
allocation formula for at least another five yea's, or it will
be impossible for substantial additional progress to be made
in Georgia toward making all waters meet fishable and
swimmable criteria. The Federal grant share must continue
at the 75 percent level to enable local governments to

APPENDIX A

finance required improvements and establish the necessary
operation and maintenance programs with local funds.

The 1977 deadline should be extended on a case-by-
case basis for publicly owned systems as construction grants
funds are made available. Also, the certification of states tc
administer the construction grants program should be
authorized by the Congress with adequate financial support
to enable the states to conduct an efficient and effective
program. In addition, the combination of Step 2 and Step 3
grants into one grant would expedite the program.
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Complete copies of the Guam 305(b)
Report can be obtained from the
State agency listed below:

Guam Env.;ronmental Protection Agency
Box 2999
Agana, Guam 96910
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Summary
Guam's overall water quality changed little between

the time of our first report to the Congress (April 1975)
and this year's. Between May 20-22, 1976, Typhoon
Pam, 'a struck the Island with winds up to 190 mph. This
storm was a mixed blessing vis-avis environmental impact.
Ir near-shore reef areas and estuaries, sediments were
washed ashore or further out to sea, thus 'cleaning' the
waters and making them less turbid. However, expansion of
eroded areas in southern Guam occured due to the heavy
accompanying rains. In addition, the stripping of most of
the Island's vegetation made these areas more fire prone,
resulting in several extensive grass fires, particularly in the
Umatac Area. The largest impact from a water quality point
of view, however, may be the thrust the storm gave to the
local construction ad development industry due to the
infusion of large amounts of Federal aid. Many of these
future projects will no doubt carry with them the asso
ciated impacts of erosion and siltation and generation of
polluted stormwater.

Bacterial pollution and heavy sediment loads contin-
ues to characterize Guam's central and southern rivers,
particularly the Umatac, Asan, Agana, and Pago. Problems
of uncontrolled sewage discharges from cesspools, pit
privies, and direct drainage into rivers account for a large
number of violations. The continued poor quality of the
Pago River is attributable to the sporadic operation and
maintenance of the Yona Sewage Treatment Plant and the
poor location of its outfall.

Extensive clearing and grading, coupled w areas of

natural erosion, have increased turbidity levels in some river
basins. Although Islandwide permits for clearing and
grading dropped considerably from 1974.5 because of the
lull i, construction activity, the erosional effects of the
typhoon, both immediate and lonancje, have offset this
reduction.

The percentage of Island homes with improper
sewage disposal or septic tank systems has declined some-
what due to the gradual elimination of substandard
dwellings through urban renewal and a movement toward
construction of permanent concrete dwellings by Island
residents. Coordination between the Guam Environmental
Protection Agency (GEPA) and the Federal Housing Ad-
ministration has helped to check the number of new homes
with improper sewage disposal systems. In addition, the
increased activity in interceptor sewage construction in
Mangilao, Chelan Pago/Ordot, Barnsada, and Maite will
make sewers available to many more homes.

Although actual changes in water quality were not
evident, several events have occured within the past year
which may have a substantial beneficial impact on water
quality in the future.

After several months of negotiation, on January 9,
1976 Gillham, Koebig and Koebig, consultants for the
Government of Guam, were authorized to work on an
Islandwide Wastewater Facilities Plan. This effort is the
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initial step inthe provision of sewage collection lines, and
treatment to Guam's southern villages, and the expansion
and upgrading of existing lines in the north. Public hearings
were held in March 1976 in the villages of Umatac and
Merizo to present alternative plans for these villages.

Additional hearing: are scheduled for I narajan and Talofofo
in July and August 1976. he entire effort is due for
completion by April 1, 1977.

On November 13, 1975, at the combined request of
GEPA, Bureau of Planning, and the U.S. Geological Survey,
and after a careful review of the available information,
Governor Ricardo J. Bordello requested that the Adminis-
trator, U.S. Environmental Protection Agency (EPA), desig-
nate the entire northern portion of Guam, stretching north
from the southern boundaries of Chelan Pago and Ordot,
under Section 1424(e) of the Safe Drinking Water Act, a
our principal water supply source. Such designation by the
EPA will result in the protection of our groundwaters from
any Federal actions which could significantly impair their
quality. Notice of the EPA's intent to designate our
northern aquifer was published in the Federal Register on
April 26, 1976.

In May 1975, the GEPA submitted an application to
EPA for a 100 percent grant, under Section 208 of the
Federal Water Pollution Control Act, for funds to perform
an Islandwide water quality program to study the impact
of, and determir'e methods to control, erosion, urban
runoff, and land discharges of residential sewage. A major
portion of the 208 program is developing public awareness
of environmental problems and providing input to programs
designed to curb them. The application was subsequently
approved and, on May 13, 1976, a detailed work program
was transmitted to the EPA specifying the objectives,
manpower, training, and cost necessary to achieve the I Na Is
of the two-year program.

After three public hearings and four public GEPA
Board of Directors' meetings, Guam's Revised Water Quali-
ty Standards were adopted on September 25, 1975. The
standards establish specific pollutant criteria for surface
and potable water, new use classifications for Island waters
(including conservation), and general effluent limitations
for waste discharge. Oa March 29, 1976, the Standards
were approved by the Federal Government.

In addition to the Water Quality Standards, Regula-
tions for Well Drilling and Erosion Control were also
adopted by the Agency's Board of Directors during 1975.

GEPA's Water Basin Planning Program, under Section
303(e) of the Federal Water Pollution Control Act, pro-
duced an overall Island water planning profile and a specific
plan for most of northern Guam, classed as Segment A. The
plan identified major water areas, types, and uses and the
location and types of waste discnarges affecting these uses.
The Basin Planning Program will be incorporated into the
208 Comprehensive Water Quality Planning Program and a
plan for controlling both point and non-point pcllution will
be developed by July 1,1978.

Because so many long-range water qua'ity programs
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were initiated in 1975, evaluation of their impact in regard Guam's third Report to Congress will detail the impact of
to meeting the 1983 national goals cannot be determined. these new pollution control efforts.
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Complete copies of the State of
Hawaii 305(b) Report can be obtained
from the State agency listed below:

Environmental Health Division
Department of Health
P.O. Box 3378
Honolulu, HI 96801
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Introduction and Summary
of Extent of Water
Pollution in Hawaii

Water Quality in the State of Hawaii was reported last
year in a document prepared for the EPA and the Con-
gress of the United States in fulfillment of Section 305(b)
of PL 92.500. It presented a broad overview and assessment
of major water qt:ality problems, critical issues, and needed
control actions as vi'wed by tho State's water pollution
control programs. The issues that were then addressed re-
main fundamentaliy unchanged in this year's analysis, in
particular, with i espect to non-point source pollution. This
is still cited as the majoi concern of the State.

Considering the same fundamental issues and prob-
lems, it is appropriate in thit 305(b) report to draw the
same conclusions as follows:

1. All municipal point discharges are under the
permit system committed to compliance sched-
ules for application of best practicable techno-
logy currently available, but adherence to com-
pliance schedules is dependent entirely upon
availability of construction funds.

2. Almost all industrial point discharges from raw
cane sugar factories have been eliminated by
recycling wastewaters to sugarcane fields for
irrigation. The exception is the non-irrigated
plantations along the Hanakua Coast on the
Island of Hawaii. The topography, climate, and
cane cultivation and harvesting are unique
factors which make the application of conven-
tional technology ineffective and expensive for
achieving water quality standards. Strict
effluent limits based on water quality standards
could incur costs high enough to disrupt eco
nomic health of these industries unless innova-
tive waste management schemes are developed.

3. Non-point sources of discharges such as storm
runoff, soil erosion, .seepage from individual
sewage disposal systems, and agricultural opera-

tions, ',re a major class of discharges affecting
water quality. Control technology and regula-
tory programs are considered to be related to
land use, for which guidelines are as vet
undeveloped.
Two major shellfish growing areal are now
subject to contamination by sewage effluents
and urban runoff. Plans have been developed
for diversion of sewage effluents to other
disposal sites. Further regulatory controls must

4
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be developed to safeguard against contamina-
tion from pesticides and heavy metals in urban
runoff.

5. Regulations governing the design, construction,
installation, operation, and maintenance of
sewage treatment and disposal systems (public
and private) are prescribed in Chapter 38,
Public Health Regulations, Department of
Health, State of Hawaii. Minimum standards
governing treatment and disposal systems have

# been in the process of revision.
6. Point source discharges are controlled under the

federally mandated National Pollutant Dis
charge Elimination System (NPDES) delegated
to the State on November 28, 1974, under
which any discharge into State waters requires a
permit. Permits have been issued to 95percent
of the major and minor discharges in the State.

7. With progress toward the goal of "zero-
discharge," subsurface emplacement of ef-
fluents and deep ocean outfalls are becoming
more prevalent. Subsurface emplacement of
effluents must be controlled to protect ground-
waters. A permit- system for the discharge of
effluents into injection wells is being developed.

8. As point sources of pollution are brought under
control, the major emphasis in water pollution
will shift to control of the pollution that arises
from dispersed areas. The major nonpoint
sources of pollution in Hawaii are runoff:
Urban, agricultural, and construction.

9. Physical controls should include:
Use of impoundments or catch basins to reduce
the rate and amount of runoff;
Watershed treatment to reduce the rate and
amount of runoff; and
Retention of open spaces within the urban
areas to reduce the total amount of runoff.

10. Environmental policie; should consist of:
'Procedures to control urban litter and to
enforce general sanitary conditions;
Strict performance standards controlling gra
ding and exposing bare soil during construction;
and

Regolations to control the open storage and
dr3inage in commercial and industrial areas.

11. Zoning has has been and will continue to be
used as the primary control over the location,
density, and direction or urban growth. With
little modification, these same ordinances can
be used to implement water quality related land
use plans.
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Complete copies of the State of Idaho
305(b) Report can be obtained from
the State agency listed below:

Department of Health and Welfare
Statehouse
Boise, ID 83720
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Summary
This report updates the Water Year 1974 Water

Quality Status Report.
Water quality data presented indicate that significant

reductions in municipal and industrial point source pollu-
tant loads over the past few years have had a measurable
effect in some streams. It is also apparent that non-point
source pollutant loadings have a major impact on stream
water quality so that water quality standards and goals may
not be achieved for many streams until such sources are
considerably reduced.

The NPDES permit program is functioning well in
Idaho with good progress being made in attaining compli-
ance with the 1977 treatment requirements.

Considerable progress has been made in developing a
non-point source pollution control program. The first
non-point source pollution control strategy for Idaho was
developed in March 1976. Agriculture (including irrigated
and non-irrigated croplands, and range and dry pasture) and
silviculture are considered to have the most significant
effect on water quality of all land use activities The extent
of r'cn -point pollution sources is not expected to decrease
without uniform statewide application of sound manage-
ment practices.

The recommendations for revising Public Law 92.500
by the National Commission on Water Quality are generally
supported with some few exceptions noted in the report.
There are other recommendations pertaining to Sections
208, 305(b) and 404 of the Act, and financing of
agricultural pollution control facilities.

Recommendations
on Public Law 92-500

The following discussion is based on the "Report to
the Congress by the National Commission on Water
Quality" dated March 18,1976 and specifically the section
titled "Recommendations (Summary)" (see Appendix A-1
to this appendix).

The 1977 Requirements

Recommendation No. I

A. There is a definite need for authority to grant
extensions of time to municipal, industrial and
agricultrual dischargers to meet the 1977

requirements on a case-by-case basis. Such time
extensions st ould not extend beyond July 1,
1983.

B. Congress shoul I only authorize a deferral of the
1977 requirements on a case-by-case basis and
not, as suggested, a waiving or modification of
the 1 °.i7 requirements. It appears that
applications for waivers or modifications un, a
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case-by-case basis could result in an
administrative nightmare for the EPA.

C. Congress should provide authority for waiving,
deferral, or modification of the 1977 require-
ments on a category-by-category basis, par-
ticularly for existing publicly-owned oxidation
ponds and lagoons and deminimus situations.
However, the States should be provided the
authority to require the application of the 1977
requirements on a case-by-case basis within
each category, if needed, to meet water quality
standards.

The 1983 Goals and Requirements

Recommendation No. II

A. The 1983 goal of fishable, swimmable waters
must be maintained.

B. Congress should postpone the deadline for
implementation of the 1983 requirements
until: (1) Non-point source control measures
(including irrigation return flows) are imple-
mented; (2) the 1977 requirements are imple-
mented; and (3) the results of these measures
are documented by a complete assessment of
water quality improvements achieved. Addi-
tional Federal funds should be provided to the
States so that a complete assessment may be
made of water quality improvements. After
these three criteria have been completed, a new
Commission, similar to the National Commis-
sion on Water Quality, should evaluate the
progress made and make a determination as to
whether uniform applicaton of more stringent
effluent limitations Oen the 1977 requirements
is justified and necessary for attainment of
national water quality goals.

Decentralization

Recomendation No. III

Congress should authorize the EPA

Administrator to issue certification to any State to
exercise full authority and responsibility for planning
and for administration of the discharge permit and
construction grants programs. However, many State
pollution control agencies would probably not be
able t apply for such certification unless adequate
Federal or State resources were provided to admini-
ster the on-grams. When such certification is made,
the EPA should be reduced and EPA should
assume a tnore secondary role to the States. The EPA
should then concentrate on formulating criteria re-
view, allocating Federal resources, research and devel
opment, and technical assistance.
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In addition, it is strongly recommended that the
current nation-wide organization of the EPP be modified
and patterned after the more progressive EPA Region X.
The EPA's ten national regions should be decentralized in
order to strengthen individual State programs. EPA Region
X has an operations office in each State within the region.
Since this concept was implemented, the interrelationship
of State/EPA has improved tremendously in Idaho.

Federal Financial Assistance

Recommendation No. IV

Congress should provide Federal grants for
constructing publicly-owned treatment works by au-
thorizing funding of the program at S5 billion per
year for at least ten years.

Elimination of the Discharge of Pollutants and
Resench and Development Needs

Recommendation No. V

A. Congress should redefine the goal of elimina-
tion of discharge of pollutants by 1985 and,
instead, stress conservation and reuse of re-
sources. When practical, the State should strive
for elimination of pollutant discharges into the
nation's waters.

B. Congress should provide adequate financing to
accelerate practical research directed toward
developing and demonstrating promised tech-
niques for recycling, reuse, land application and
other resource-conserving options for waste
management. Where possible, State water pollu-
tion control agency administration of the re-
search programs should be emphasized.

C. Congress should encourage research on toxic
pollutants and their effects.

D. No comment.
E. See Paragraph B above.

Irrigated Agriculture

Recommendation No. VI

A. Congress should authorize flexibility in the
application of control requirements in this
category of discharge and recognize the need
for the development of applying resource sys-
tems on a site specific basis. Identified prob-
lems must be resolved within a reasonable
period of time in order to meet water quality
goals.

B. No comment.
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Other Recommendations

1. Section 305(b) should be revised to require
State water quality status reports bi-annually
rather than annually.

2. Section 404 should be revised to allow State
operation of dredge and fill permit system
where a State already has adequate authority to
regulate such discharges.

3. Congress should consider the provision of Fed-
eral funding to State and local planning agen-
cies where necessary to implement Section 208
water quality management plans.

4. Congress should consider developing a financing
program which would prbvide low interest
loans to agriculture interests on a high-priority
basis where structural measures are ne..ded to
control pollutant discharges.

APPENDIX Al
RECOMMENDATIONS (SUMMARY)

THE 1977 REQUIREMENTS

1. The Commission recommends that
A. Congress authorize granting extensions of time

to municipal, industrial and agricultural dischargers to meet
the 1977 requirements on a case-by-case basis where:

1. The discharger can demonstrate reason-
able progress toward compliance with the July 1,
1977 deadline; or

2. Lack of Federal construction grant funds has
caused delay; or

3. The discharger can demonstrate other good
and sufficient cause;

Provided that in no case shall such extensions of
t..ne extend beyond (a specified date such as September 30,
1980) or until the cause for delay has beensemoved.

B. Congress authorize waiving, deferral or modifi-
cation of the 1977 requirements on a case-by-case basis
where the discharger demonstrates to the satisfaction of the
Administrator (or a state administrator where a state has
been certified) that adverse environmental impacts of such
action will be minimal or nonexistent, or that the capital or
operation and maintenance costs are disproportionate to
projected environmental gains.

C. Congress authorize waiving, deferral, or modifi-
cation of the 1977 requirements on a category-by-category
basis for near shore ocean discharges of publicly owned
treatment works, pretreatment requirements, existing pub-
licly owned oxidation ponds and lagoons, and de minimus
situation where the Administrator determines that the
adverse environmental impacts of such action will be
minimal or nonexistant, or that the capital or operating and
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maintenance costs are disproportionate to projected envi-
ronmental pins.

THE 1983 GOAL AND REQUIREMENTS

II. 7be COMMini007 recommends that
Congress retain the national goal, "... thct

whenever attainable, an interim goal of water quality
which provides for the protection and propagation of fish,
shellfish, and wildlife and provides for recreation in and on
the water be achieved 1)7 July 1, 1983;"

B. Congress postpone ttir deadline by which muni-
cipal, agricultural and industrial discharges shall be required
to meet the 1983 requirements from July 1, 1983 to (a
date not less than five and no more than ten years efter
1983) provided the following interim actions are assured:

1. Effluent limitations for 1977 are re-

viewed periodically and revised, if appropriate, to
reflect advances in practicable control technology,

2. Periodically review and aggressively en-
force higher levels of treatment than required by the
1977 effluent limitetions where the 1977 require-
ments will not achieve Federally approved State water
quality standards and where more stringent limita
tions will significantly help in achieving water quality
standards; e

3. Review and alter new source performance
standards periodically as technology is perfected to
ensure a high level of control or treatment of new
pollutant sources;

4. a. Where possible, tc..ic pollutants in
toxic concentrations shall be controlled in applicable
effluent limitations and permits.

b. Effluent limitations based on tech-
nology to eliminate the discharge c axic pollutants
in toxic concentrations into the nat 's waters shall
be implemented as soon as possible n no later than
October 1, 1980;

5. a. Apply control or treatment rm.
sures to combined storm and sanitary sewer flows and
to urban stormwater flows when these measures are
cost effective and will significantly help in achieving
water quality standards.

b. Control or treatment measures shall
be applied to agricultural and nonpoint discharges
when these measures are cost effective and will signi
ficantly help in achieving water quality ..tendards.

For these measures, Congress could utilize the
capabilities of existing institutions and their re-

sources, and may wish to collsider additional Federal
resources to carry out the necessary programs;

6. A:I on-going national assessment of the
quality of the nation's waters shall be undertaken to
determine progress toward water quality goals and
objectives and the progress periodically reported to
the Congress; and

7. No later than 1985 a Commission similar
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to the National Commission on Water Quality shall
evaluate progress toward these goals and make appro-
priate recommendations, at which time Congress may
consider whether uniform application of more strin-
gent effluent limitations that the 1977 requirements
is justified and desirable.

DECENTRALIZATION

III. The Commission recommends that
Congress authorize certification, upon application, to

any state to exercise full authority and responsibility for
planning, and for administration of the discharge permit
and construction grant program, provided:

A. A statewide water quality plan and program is
approved at the time of certification.

B. The state demonstrates
1. It has the appropriate statutory authority

and directions, manpower and appropriations,
administrative or judicial penalties and remedies; and

2. It meets such other qualifications as the
Congress may determine necessary to perform such
functions.
C. That certification be for a period of five cr

more years renewable after that based on progress toward
improved water quality, and that the state agrees the
certification may be withdrawn, after public hearing, on a
showing of untat. "ictory progress, but that certification
shall continue in force unless and until it is withdrawn by
the A iministrator.

As the certification process proceeds, the Federal role
in the national water quality program should be f,at of
formulation of criteria review and approval of state
programs, allocation of Federal resources, research and
development and technical assistance, review of state
progress and performance and mare detaile supervision of
those functions not certified to the states.

FEDERAL FINANCIAL ASSISTANCE

IV. The Commission recommends that
Congress provide stability for the r-earant of Federal

grants for the construction of pi-W/6 7ed control or
treatment works by authorizing and inter .ng its intent to
fund the progran at %not less that $5 billion nor more than
$10 billion per year) for a fixed term of years (not less than
five nor more than ten) at 75 percent of the cost of
conA.uction, provided that:

A. Priorities for the award of grants for eligible
publicly owned treatment works within a state shall be
established by the state provided that the ordering of
priorities shall be based unon cost effectivene-i and upon
the ability of a project to contribute substantially toward
the "goal of water quality which provides for the pro-
tection and propagation of fish, shellfish, and wildlife and
provides for recreation in and on the water."

B. In pursuit of the objective of ultimate
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